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STEROIDAL GLYCOSIDES FOR TREATING 
5 HYPERCHOLESTEROLEMIA 

Background of ihe Invgntion 

This Invention relates to steroidal glycosides and methods of using the same, 
particulariy as hypocholesterolemic agents and antiatherosclerosis agents, in 
«IQ mammals. 

Many known products possessing hypocholesterolemic activity are cross- 
linked synthetic polymer derivatives, for example of polystyrene. For example, 
cross-<inked, waiernnsoluble, bile-add-blnding polystyrene-based resins, e.g.. 
Cholestyramine* agents, have a gritty 'mouth-feel', and thus have poor palatability. 
In addition, these resin beads typically have a low jn yisfg efficiency. Thus, the 
effective hypocholesteroiemic dose of these materials is excessive, typically 18-24 
grams of formulated product per day. Other known polymers having 
hypocholesterolemic activity include the natural product cMtosan and chitosan 
derivatives as described in European Application pub. no. 0212145. However, the 

20 effective hypocholesterolemic dose of these materials is also high. 

Other known hypercholesterolemia controlling agents include plant extracts 
such as 'aitaita saponbta*. However, these plant extracts are of variable composition 
and contain significant amounts of nonuseful chemical substances. Due to the 
variations in composition, it is difRcult to set a standard dosage or predict the 

25 Impurities presenL Thus, such extrads are not well suited for use by humans. 
Furthemnorepurifiealion of these extracts would be expensive. As an alternative 
certain synlhslically produced, pure 'sapogenin-derived* compounds e.g., 
subst a nc e s compounded from splrostane, spirostene or sterol-derived compounds 
depress cholesterol absorption more effectively than alfalfa extracts on a weight 

3Q basis and thus can be admirristered in reasonable sized doses. Because the 
chemical compositions of these substances are known and because they can be 
synthesized at a high degree of purity, they are suitable for use by any wami- 
blooded anbnal, including humans. 



35 
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However, unless administered in massiv amounts, pure sapogenins d not 
significantly iniiibft eholesterol's absorption. It is only when compounded with 
5 another moiety that sapogenins have the desired effect. Examples of such 
sapogenin compounds are compounds of tigogenin and diosgenin, particularly 
glycosides thereof. P.fC Wntia. lu. K. Vasiienko. G.M. Gorianu, VA Bobeiko, I.V. 
Suotina, N.E. Mashchenko, Wm. Pharm. Zh., 1981, 16(9), 55 discloses 3^(B-D- 
gaiactopyranosyl)hecogenin and Ks use as a hypoeholesterolemic agent. U.S. Pat. 
10 Nos. 4,602,003 and 4,602,005 disclose certain steroidal glycosides, in particular 3-0- 
(S-D-glucopyranosyl)tigogenin and 3-0-(B-0<ellobiosyl)tigogenin and their use for 
the control of hypercholesterolemia. 30KB-D<eilobiosyl)tigogenin has superior 
hypoeholesterolemic activity when compared to, for example, cholestyramine, 
in addition, certain other steroidal glycosides described below have been 

1 6 published, however these publications do not address hypoeholesterolemic activity. 
"Stoicturai Features of the Antioxidant and fungicidal Aeflvity of Steroid Glycosides', 
DImoglo, A. S.; Choban I. N.; Bersuker, I. B.; Wntya, P. K.; Balashova. N. N.; Bloorg. 
Khim, 11(3), 408-413, 1985 discloses roekogenin 6-D-galactopyranoside and 
tigogenin 8-D-laetoside. 'Preparation and Properties of Some New Steroid 8-0- 

20 Glucopyranosides, 8-D^ucopyranoslduronlc Adds, and Derivatives', Schneider, 
J.J.; Carb. Research, 17, 199-207, 1971 discloses tigogenin B-0- 
giucopyranuronoside. 'Sterol Glycoside wtth Activity as Prostaglandin Synthetase 
Inhibitor", Pegel, K. H. Walker, H.; United States Patent 4,260,603, April 7, 1981 
discloses hecogenin B^iueopyranoslde. 'Hemolytle Properties of Synthetic 

25 Glycosides', Segal, R.; Shud. F.; Milo^oldzweig, I.; J. Pharm. Sd., 67 (1 1 ) 1589- 
1592, 1978 discloses tigogenin B-D-maltoside, tigogenin B-L-fucopyranoside, 
smUagenln B-mattoslde and tigogenin 04.-rhamnoside. "Steroid Glycosides from the 
Roots of Capsicwn Annuum It: The Structure of the Capsleosides', Gutsu, E.V.: 
KIntya, P.K.: LazurevsMI, G.V.: KhIm. Prir. Soedln., (2), 242-246, 1987 disdoses 

30 tigogenin 0-O<rabanopyranoside and tigogenin B-D-gaiactopyranoside. 

■Mollusdddal Saponins from Comus Rorida L', Hostettmann, tC; Hostettmann- 
Kaldas, M.; Nakanlshi, K.; Helv. Chim. Acta, 61, 1990.1995, 1978 disdoses 
smiiagenin 8-D-galactopyranoside. "Steroidal Saponins from Several Spedes of 
Umflorae Plants', Yang, C; U, K.; Ding, Y.; Yunnan Zhiwu YanJIu Zengkan, Suppl. 3, 

35 13-23, 1990 disdoses (25S) - hecogenin cellobioside. 'Determination of the 
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Ab6 lut Configuration of a Secondary Hydr xy Gr up in a Chiral S condary 
Aicoh I Using Glycosidation shifts in Carbon-13 NMR Spectroscopy", Seo, S.; 
Tomita, Y.; Tori. K.; Yoshimura, Y.; J. Am. Chem. Soc. 100(11). 3331-3339. 1978 
discloses smilagenin B-glucoside and smilagenin cr-glucoside. 'Steroid Glycosides 
from Asparagus Officinalis'. Lazurevskii, G. V.; Goryanu, G. M,; Wntya. P. IC; Dokl. 
Akad. Nauk. SSSR. 231(6). 1479-81, 1976 discloses sarsasapogenin B-glucoside. 

Although the hypocholesterolemic compounds described above make a 
significant contribution to the art there is a continuing search in this field of art for 
improved hypocholesterolemic pharmaceuticals. 



15 



20 



Summary of the Invention 
This invention is directed to steroidal glycosides, particulariy spirostanyl 
glycosides, that are useful as hypocholesterolemic agents and antiatherosclerosis 
agents. The compounds of this invention have the formula 




25 



Wherein either (A): 



Formula iA 



H OH OH H 

Q' ie eaibonyl, -c- or "C- ; 



30 



H OH OH H 

Q* ie eaibonyt, methylene, -C- or -C- ; 
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H OrI RgJ< R^0-alkylene<C2-C3).0 H 

tfis -t- , -c- , 



R^0-4lkyl«neCC2-C3)-0 

or -c- 



0* and are both methylene; 
and wherein 
R'is 

B-Oglucopyranosyl, 

6-D-glucopyranurono$yi, 

B4)-2-acetamido-2Hdeoxy-giucopyranosyl, 

B*D-galactopyranosyi, 

B-[Mucopyranosyl, 

B-L4ucopyranosyl, 

S-D-xylopyranosyl, 

B-L*xylopyrano8yl, 

20 o'O-arabanopyranoeyl, 
flhL-arabanopyrarK>eyl, 
0-O^lobiosyl, 
B-DK:eUcbiosyl, 

B-D-lactosyl, 

B-O-maltosyt, 

B-D-gentiobiosyl, 

30-B-D-galactopyrBno8yl-a-D*arabanopyrano8yl or 
B-D-maltotriosyl; 



or(B): 

SO 

Q\ and are all methylene; 

H OH OH H 

^ V V 
tf is -c- or -C- ; 
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5 

or 



10 



R*0-alkylene<C2-C3>-0 H 
and wherein 



Is 

B-O-glucopyranosyi, 
S-D-giucopyranuronosyl, 

B-D-2-ac0tamido-2-deoxy-glucopyranosylt 

B-D-fiiGopyranosyl, 

B-L*fucopyranosyi, 

B*D-xylopyranosyl, 

B-Locylopyranoeyl, 

a-D-arabanopyranosyl, 
o-L-arabanopyranosylt 
B-D-eellobiosyl, 

B-D-lactosyl, 

S-D-mattosyl, 

B-D-gentiobiosyt, 

3-0-6*D-galactopyrano8yl-a-D-arabanopyranosyl or 
B-D-maltotriosyl; 

or(C): 



20 



25 



30 



Q\ and are ail methylene; 
is earbonyl; 

« OR^ R^O H R^0-*lkyl«n«<C3-C3).0 H 
tfis ^ ^ ^t- 
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or 



R^0-aUylene(C2-C3)-0 



V 



H 



5 



15 



20 



25 



and 

30 



C„ is (R): 
lerein 
R' is 

6-D-glucopyranuronosyt» 

B-D-2-aeetafnido-2-deoxy-glucopyranosyi» 

B-D-fucopyranosyl. 

B-L-fucopyranosyl , 

B-O-xyiopyranosyl, 

B-L-xylopyranosyl, 

chD-arabanopyranosyi, 
o-L-arabanopyranosyl, 

B-D^nobiosyl, 

B-D-laetosyl, 

B4>maKo8yl, 

B-D^entiobiosyl, 

30-BO^alactopyranosyl-o^D-arabanopyrBnosyl or 
B-D-m&Kotriosyl; 

or(D): 

Q\ , and Q* are each methylene; 






R^O- el ky 1 w ( C^-C) > -0 



and wherein 
R' is 



35 



B-D-2-acetamido-2-deoxy-glucopyranosyl, 
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10 



15 



20 



25 



B-D-fucopyranosyl, 

B*D-xyiopyranosyl, 

B-L-xylopyranosyl, 

a-L-arabanopyranosyl, 
B-D-cellobiosyl, 

6-0-gentiobiosyl, 

30-6-D-gaiactopyranosyl-a-D-arabanopyranosyi, or 
B-cnaltotriosyl; 



or(E): 

Q\ Q^, and are each methylene; 



Cs is alpha; 

^ 0^); md wherein 
RMs 

B-D-gaiactopyrancsyl, 
B-D^lobiosyl, 
B-D4actosyl» 
B-O-maitosyi or 
B-D-maltotriosyl; 

or(F): 

Q\ Q', and are each methyiene; 






0" is carbonyl or 
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H OR^ R^O H 
% / % / 

is 'C- or "C- ; 

5 

Cs is alpha; 

C29 is (R); and wherein 

R' is 

B-D-gaiactopyranosyl, 
10 B-D-ceUobiosyl, 
B-D-lactosyi, 
B-D-maKosyi or 
B-D-maltotriosyl; 

with the proviso that (3B,5a,25R)-3-[(B-D-cellobiosyi)oxy]spirostane 
15 is not included. 

A first group of preferred compounds of Formula lA consists of these 

H OH HO H 

V 

compounds wherein is carbonyl. -C- or -C- , is methylene, is 



20 H OR* 

V 

, is methylene, is methylene, the hydrogen is alpha and C^^ has 

the R oonflguraUon. Espedaliy prefen-ed within this group are compounds wherein 
is carbonyl and R^ is B-D-cellobiosyl, 0-D-cellobiosyl. B-D-glucopyranosyl, B-D- 
25 galactopyranosyl, B-Mactosyl, B-D-maltosyt or B*D-maltotriosyl. Also, especially 

H OH 

prefenred withbi this group is a compound wherein is "^^-^ and R^ is B-D* 
ceBoblosyl. Another especially preferred compound within this group is a 

V 

compound wherdn Q' is -c- and R' is B-D-cellobiosyt. 
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10 



A second group of preferred c mpounds of F rmula lA are compounds 

H OH HO H H OR* 

s % f \/ \ P 

wherein Q' is methylene. is "C- or -C- , Q» is -C- , Q* is methylene. Q» 

is methylene, the Cg hydrogen is alpha and Cjg is (R). Especially preferred within 

H OH 

this second group is a compound wherein CP is -c- and is B-O-ceilobiosyl. 
A third group of preferred compounds of Fonnula lA are compounds wherein 

H OH W H H OH HO H H 0R» 

Q' is earbonyl, -C- or -C- , is carbonyl, -C- or "C* , Q» is -c- , 

16 '* methylene, is methylene, the C, hydrogen is alpha and Cj, is (R). 

Especially preferred within this group is a compound wherein Q* is carbonyl, Q> Is 
earbonyl and R* is BO<eUobiosyl. Another espedally prefarrwi compound within 

H OH 

this group Is a compound Wherein is carbonyl. is -C- andR*isB-0- 



20 



25 



SO 



celloblosyl. Another espedaliy preferred compound within this group is a 

H OH 

%/ 

compound wherein Q' Is earbonyl. Q» Is -C- and R* is B-IMactosyl. Another 



espedaliy preferred compound within this group is a compound wherein Q' is 

H OH 

V 

~«^- . 0* Is earbonyl and R' is B-[>cenobiosyl. Another especially preferred 



35 



oompound within this group is a compound wherein Q' -c- , q> js earbonyl 

and R* is B-I>celobiosyl. 

A fourth group of preferred compounds of Formula lA are compounds 

H OR* 

Wherein Q' Is miethylene. Q» is carbonyl. Q» Is "C- . Q* is methylene. Q» is 



wo 94/00480 



PCr/US93/04092 



-10- 



methylene, the C, hydrogen is alpha and Is (R). Especially preferred within this 
fourth group are compounds wherein is B-D-lactosyl or B-D-cellobiosyt. 
5 A fifth group of preferred compounds of Fonmula lA are compounds wherein 

H OR^ 

and are each methylene, is , and are each methylene and 

is (R). Especially preferred within this fifth group is a compound wherein the 
10 hydrogen is alpha and R^ is B-D-genta'obiosyl. Another espedally preferred 

compound within this group is a compound wherein the C5 hydrogen is beta and R^ 
is B-D-cellobiosyi. 

A sixth group of preferred compounds of Formula lA are compounds wherein 

H OR* 

^5 Q\ and are each methylene, Is -C- , is carbonyl, the C, hydrogen is 

alpha and C29 is (R). Especially prefenred within this group is a compound wherein 
R^ is B-I>cellob{osyi. 

A seventh group of preferred compounds of Fomnula iA are compounds 
20 H OR* 

wherein Q\ and are each methylene, is , is carbonyl, the 

hydrogen is alpha and C,, is (R). Especially preferred within this group is a 
compound wherein R^ is B-D-cellobiosyl. 
25 Yet another aspect of this invention is directed to a method for controlling 

hypercholesterolemia or atherosclerosis in a mammal by administering to a mammal 
suffering from hypercholesterolemia or atherosclerosis a hypercholesterolemia or 
atherosderosia controlling amount of a Formula I spirostanyl glycoside 



30 
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Fonnula I 
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wherain 

either (A): 

5 H OH OH H 

Q' is methylene, carbon^, ~C- or -C- ; 

H OH OH H 

%/ 

is methylene, earfoonyl, 'C- or ; 

10 

H OR* R*0 H R^0-«Ikyltn«<C2-C,>-0 « 



or 

-c- 



and ara both methylena; 
and wherein 
R'is 

20 

B-D-glueopyranosyl, 

B-D-gluoopyranuronosyl, 

B-D-2-acetamido-2-deoxy-glucopyrano8yl, 

B-O^actopyranosyl, 

B-D^fUeopyranoayl, 

B-L-fUcopyranoayl, 

B-D-xyiopyranoayl, 

B-Locyiopyranoayl, 

o-D-aiabanopyrano8yl» 
a*L-arabanopyrano6yl, 
^ <rO<:ellobioeyl, 
B-D^Oobiosyl, 
B-I>laet08yl. 
B-D-maKoayl, 
B-Diientiobiosyl, 



wo 94/00480 



PCr/US93/04092 



•12- 



SO^-D-gaiact pyranosyl-a-D-arabanopyran syi, or 
B-mattotriosyl; 
5 or (B): 

Q\ Q', and are each methylene; 

H OR^ R^O H 

. V V 

Q»l8 -C- or -C- ; 



10 HO H 

V 

Q* is carbonyt or "C- ; 



C, is alpha; 
Cal8(R): 
<I5 and wherein 
R' is 

BO^alaetopyranosyl, 
B-0<ellol9iosyl, 
BO-tactosyl, 
20 B-O-maltosyl or 

BO-maltotriosyl; 

or(C): 

Q\ and Q* are each methylene; 
H OR* R^O H 
25 Q»ls-C- or -C-; 



V. 



Q' it cvbonyi or 

3Q Csisalpha: 
C»b(R); 
andwhertin: 

R*i8 

B-D-galactopyranosyl, 
35 B-{)-oellobiosylt 
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S-D-lact syl, 
B-C>maltosyl or 
5 B-D-mattotriosyl; 

with the proviso that 

(3B,6a.26R)-3-[(a^O-cellobiosyl)oxy]8piro8tane, 
(38.6a,25R)-3-[(0-D^lueopyrano8yl)oxy]spiro8tane, 
(3B.5ff,25R)-9-[(6-D-eenobiosyl)oxy]spiro8tane or 
1 0 (38.5ff,25R)-3-[(0-C>ga}aetopyranosyi)oxy]spirostan-1 2-ona are not included. 

A first group of preferred compounds of Formula I are compounds 

H OR* 

wherein Q*. Q', Q* and Q" are methylene, C,, is (R) and Q* is 'C- . Especially 

15 prefen-ed within this group are compounds wherein the C, hydrogen is alpha and R' 
is B-O^tucopyranuronosyl, B-O^attosyl. B-D-lactosyl. B-D-gentiobiosyl or B-0- 
galaetopyranosyl. Another espedaily prefen-ed compound within this group is a 
compound wherein the Cg hydrogen is beta and R^ is S-D-celioblosyt. 

A second group of preferred compounds of Formula i are compounds 

20 H OH OH H H OR* 

¥vherein Q' is carbonyi. "C- or <- , Q' is methylene. Q» Is "C- . Q* and Q" 

are each methylene. C,, is (R) and the C, hydrogen Is alpha. Especially preferred 
within this second group are compounds wherein Q' is carbonyi and R* is B-D- 
25 cellobtesyl, a4>cellobiosyl, B-I>glucopyranosyl, B-D-galactopyranosyl, B-Wactosyl, 
ft-D^naltosyi or B-D-maltotrlosyi. Another especially preferred compound within this 

H OH 

%/ 

second groq» Is a compound wherein is -C- and R^ is B-D-eelloblosyr. 
^ Another especially preferred compound within this second group is a compound 

V 

wherein is <' and R^ is B-I>cellobiosyi. 
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A third group of preferred compounds of F rmula I are c mpounds wherein 

H OH HO H H OR* 

R %/ \/ %/ 

® Q' is methylene, Q* is carbonyl, -C- or -c- , Q* Is -c- , Q« and 0" are 

each methyiene, is (R) and the C, hydrogen is alpha. Especially preferred within 
this third group are compounds wherein Q' Is eart>onyi and is B-O-eeiloblosyi or 
S-Olaetosyl. Other especially preferred compounds within this third group are 
10 H OH 

compounds wher^ Q> is -C- and R* is B-CXeHobiosyl or BO^alactopyranosyl. 
A fourth group of preferred compounds of Fonnula I are compounds wherein 

H OH HO H H OH HQ H H OR* 

15 Q' is carbonyl. -c- or "C- , carbonyl, -c* or -c- , Q» is -c- , 

Q* and C3" are each methylene, the Cj hydrogen is alpha and C„ is (R). Especially 
preferred within this fourth group Is a compound wherein is carbonyl, is 
carbonyl and R* la B-D<enobiosyl. Especially prafenred within tMs fourth group are 



H OH 

compounds wher^n Q* is carbonyl, is and R* is B-O«elloblosyl or &0- 



laetosyl. Another especially pretarrad compound within this group is a compound 

H OH 

25 wherein is -C- . Q' is carbonyl, and R* Is B-D«eilobiosyi. Another especially 

praferred compound within this group is a compound wher^ is , 0* is 

carbonyl and R^ is B-D«eflobio8yl. 

A fliih group of preferred compounds of Fomfiula i are compounds wherein 

H 0R» 

Q\ 0* and Q" are each methylene, Q* is -c- . Q* is carbonyl. the C, hydrogen te 

alpha and is (R). Especially preferred within this group is a compound wherein 
35 R* is BO^obl syl. 
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A sixth group f preferred compounds f Formula I are compounds wherein 

H ORi 

^ Q\ and Q* are each methylene, Is 'C- ^ qs is carbonyl, the Cg hydrogen is 

alpha and C„ is (R). Especially prefen-ed within this group is a compound wherein 
R' Is S-D-celtobiosyl. 

This invention is also directed to pharmaceutical compositions for the control 
10 of hypercholesterolemia or atherosclerosis In mammals which comprise a 
compound of the Formula lA and a pharmaceutically acceptable canler. 

Yet another aspect of this invention is directed to a composition comprising a 
hydrate of a compound of the Fomrtula 1 A. 

The compounds of Fomiulas lA and I are herein defined as the single 
15 enantomer having the absolute stereochemistry depicted in Formulas lA and I 
respectively. 

Other features and advantages will be apparent from the specification and 
claims which describe the invention. 

20 
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Scheme II 



5 
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SCHEME IV 



10 
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Th F rmula lA compounds are a subset of the Formula I compounds. 
Thus, in th following detailed descripti ns of th invention (e.g., h w to mak th 
5 inventioni how to use the invention) reference to the Formula i group of compounds, 
inherently encompasses the Formula lA compounds. 

The following description of reaction Schemes I, II & III describe how to make 
the Formula I compounds wherein and are both methylene. 

According to reaction Scheme 1, the desired Formula I compounds wherein 
10 Q\ and are as defined above may be prepared by deacetylating the 
appropriate alpha peracetylated Formula III compound or beta peracetyiated 
Fomiula IV compound wherein and are as defined above and X is either a 
bond or alkylene-0-. 

Typically the deacetylation is accomplished by combining the Fomnula III or 
IS iV compound with a nucleophilic base such as sodium methoxide or potassium 
cyanide in a solvent such as methanol, tetrahydrofuran, n-propanol or mixtures 
thereof at elevated temperatures of about 40^C to about lOO^C (typically at reflux) 
and pressures of 0.5 psi to about 60 psi (typically ambient) for about 0^5 hour to 
about 2 hours. In addition, for Formula I compounds when the sugar is 
20 glucopyranuronosyl, the resultant deacetylated compound is further hydrolyzed by, 
for example, exposure to sodium hydroxide. Also, where appropriate, those 
compounds wherein either or CP are earbonyl may be reduced to yield the 
con^sponding alcohols in an altemative process to performing the reduction prior to 
coupling (described in Reaction Scheme IV and the accompanying text). In an 
25 analogous manner, where appropriate, those compounds wherein either or 
are hydroxy may be oxidized to yield the corresponding earbonyl in an altemative 
prootss to performing the oxidation prior to coupling. 

The desired Formula ill compound wherein and are as defined above 
may be prepared by anomerizing the appropriate Formula IV compound wherein 
30 and are as defined above. The stereoehmical terms alpha and beta refer to the 
configuraHon of the attachment cartxNi of the sugar. 

Typically the anomerization is performed by treatment with a mineral 
add such as hydrobromic add in an anhydrous aprotie solvent such as methylen 
chloride at temperatures of 20«C to about 40«C (typicalty ambient) for at least 24 
35 hours, typically t s veral days. However, for arabanopyranosyt derivatives th 
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alpha anomer is btained directly from the saccharide-steroid c upling d scribed 
below and the; beta anomer from the above process (i.e., the nomenclature 
S reverses). 

According to Reaction Scheme II the desired Fomiula IV compounds wherein 
and are as defined above may be prepared by coupling the appropriate 
acetylated sugar halide (e.g., bromide) and steroid. More specifically, for those 
Formula IV compounds where the sugar is other than B-D-maltosyl, B-D-gentiobiosyl 

10 or B-D-2-acetamldo-2-deoxy-glucopyranosyl, a zinc fluoride promoted coupling of th 
appropriate Formula V compound (wherein and are as defined above and X is 
either a bond or alkytene-O-) and peracetylated sugar halide is used and for those 
Formula IV compounds where the sugar is B-D-maKosyl, B-l>gentiobiosyl or B-D-2- 
acetamido-2-deoxy-glucopyranosyl, a mercuric bromide and mercuric cyanide 

15 promoted coupling of the appropriate Formula VI compound (e.g., trimethyl silyl 
ether of the Formula V compound wherein and are as defined above and~X is 
either a bond or alkyiene-O-) and peracetylated sugar halide is used. 

Generally, the zinc fluoride promoted coupling of the Fomnula V compound 
and the peracetylated sugar bromide occurs in a non-protic, anhydrous reaction- 

20 inert solvent (e.g., acetonitrile) a! a temperature of about 20^0 to about lOO^C for 
about 0.5 to about 12 hours. Typically about 0.5 to about 4 equivalents (based on 
Formula V compound) zinc fluoride is used and about 0.5 to about 3 equivalents 
acetylated sugar bromide is used. Preferably the coupling is add catalyzed and it is 
especially preferred that hydrohalic add generated during the reaction is used as 

25 the add catalysL The desired compounds may be prepared at pressures of 0.5 to 
50 pel. although typicaBy ambient pressures are used. In a prefen^ isolation 
technique the giyeosides may be predpitated from the crude flitered reaction mixture 
(e.g., acetonHrBe product solution) by the addition of about 25% to 75% water and 
the remahder alcohol (e.g., methanol). Predpitation of the product from aqueous 

30 melhanol/aoetorritrHe requires less processing than an extractive isolation, and 
provides a product of greater purity. 

Generally, the mercuric bromide and mercuric cyanide promoted coupling of 
the Formula VI compound and the acetylated sugar bromide is perfomned in an 
aprotic, anhydrous solvent such as methylene chloride at a temperature of about 

35 20®Ct ab utIOO C for about 0.5 1 about 6 hours. Typically about 0.5 to about 4 
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equivalents (based on Formula IV compound) mercuric bromid and mercuric 
cyanide is used and about 0.5 to about 3 equivalents peracetylated sugar bromide 
5 (e.g., B-D-maRosyl, B-O-gentiobiosyi or 8*D-2*acetamido-2-deoxy-glucopyranosyl) is 
used. Tiie desired compounds may be prepared at pressures of 0.5 to 50 psi, 
although typically ambient pressures are used. Preferably they are isolated as 
described for the zinc fluoride promoted coupling of the Formula V compound 
above. 

10 The desired Formula VI compounds wherein and are as defined above 

and X is either a bond or alkylene-0- may be prepared by siiylating the appropriate 
Formula V compound wherein and are as defined above and X is either a 
bond or allcyiene-O-. 

Generally the Fonnula V compound, a base such as triethylamine and an 

15 activated trialkylsilyl compound (e.g., trimethyisilyl trifluoromethane sulfonate or 
trimethylsilyl chloride) are reacted in an aprotic, anhydrous solvent such as 
methylene chloride at a temperature less than about lO^C for about 0.5 hour to 
about 2 hours. 

According to Reaction Scheme III the desired Formula V compounds wherein 
20 and are as defined atx>ve and X is aikylene-O- may be prepared by reducing 
the appropriate Formula VII compound wherein and are as defined above. 

Qenerally the reduction is performed by reaction of the Fomnula VII 
compound with lithium aluminum hydride in an anhydrous solvent such as 
tetrahydrofuran at temperatures of less than about lO^C for about 0.5 hour to about 
25 3 hours* 

The desired Fonnula VII compounds wherein and are as defined 
above may be prepared by coupling the appropriate Formula V!ll compound where 
and are as defined above with ethyl diazoacetale In the presence of rtiodium 
acetate dimer. Thus, the Formula VIII compound and ethyl diazoacetate are reacted 
30 in an aprotic solvent such as methylene chloride In the presence of rhodium acetate 
dimer at ambient tempmtture for about 0.5 hour to about 3 hours. 

The starting materials for the above descrit>ed reaction schemes (e.g., ethyl 
diazoacetate, peracetylated sugar halides) are readily avaiiable or can be easily 
synthesized by those skilled in the art using conv nti nal methods of rganlc 
35 synthesis. 
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In addition, as an aid to the preparation f th abov steroids, th following 
paragraphs describe th preparation of the various Formula VIII compounds. 
5 Literature references for the preparation of Formula VIII steroid compounds (wherein 
is methylene and and the stereochemistry of the hydrogen and Cjg carbon 
are as defined below) are described in Table 1. 

TABLE I 

Formula VIII Compounds V^ere is Methylene and 
^ the C3 Hydroxy Group is Beta 



c. 

hydrogen 




Q« 


Referencft 


a 


R 


CHj 


R. E. Marker et. al„ J. Am. 1 
Chem. Soc.(ig43) 65 1199. 


a 


R 


C=0 


Marker et. al., J. Am. Chem. Soc. (1947) 69. 2167. 


a 


S 


CH, 


Goodson & Noller J. Am. Chem. Soc. | 
(1939)61,2420. | 


a 


S 


C=0 


Callow & James J. Chem. Soc. (1955) 1671. 


s 


R 


CHj 


Marker et al.. J. Am. Chem. Soc. (1943) 65. 1199. 


B 


R 


c=o 


Marker et. al.. J. Am. Chem. Soc. (1947) 69. 2167. 


B 


S 


CHj 


Marker et. al., J. Am. Chem. Soc. (1943) 65, 1199. 


B 


S 


C=0 


Kermey & WaU J. Org. Chem. (1957) 22, 468. | 



25 The IbDowIng paragraphs describe artd/or give literature references for the 

preparation of Ihe various steroids used as starting materials 0-e.. the alternative 
stereochemistry at the C, position and the oxygenation and diterent epimers at C, , 
and 0,^ from the tbow Formula VIII compounds descrit>ed in Table I. in general 
the preparation of the different oxygenated steroids is independent of the 

go ■taraochemistry at the C,.C, and C,B positions. Thus, once the appropriate 

stereochemistry at the C,, C, and C,, positions are achieved wherv Q' and are 
each methylene or where is methylene and Q' is cariaonyi, the various 
oxygenated compounds at Q' and may be prepared therefrom. 
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S me of the preparation meth ds described herein will requir pr tectlon of 
remote functfonaltty (i.e., Q\ and CP). The need for these protecting groups will 
5 vary depending on the nature of the remote functionality and the conditions of the 
preparation methods. This need is readily detennlned by one sMIIed in the art. For 
a general description of protecting groups and their use. see T.W. Greene, 
Protective Groups In Organic Synthesis, John Wiley & Sons, New York, 1981. 

The Formula VIII compounds wherein 0^ is methylene, is either methylene 
10 or carbonyl and the C, hydroxy is beta may be converted to the conesponding 
Formula VIII compounds ^ere the C, hydroxy alpha by the following two 
procedures. These preparative methods may be used independent of the C^g 
stereochemistry. 

If is carbonyl, the carbonyl is protected as a ketal (e.g., ethylene ketal), by 

15 reacting the steroid with ethylene glycol and an add catalyst according to the 
procedure of Engel and Rakhit. Can. J. Chem, 4Q, 2153, 1962. When the 
hydrogen is alpha, the C3 hydroxy group is oxidized to the ketone using pyridinium 
chloro chromate (POO) in methylene chloride at ambient conditions. Then the 0, 
ketone Is reduced with a stericaily hindered reducing agent such as K-Selectride* 

20 reducing agent, at low temperature in tetrahydrofuran to give the C3 alpha alcohol 
according to Gondos and On*, J. Chem. See. Chem. Commun. 21> 1239. 1982. If 
appropriate, the protecting group is removed with add, such as hydrochloric 
add. In an appropriate solvent such as acetone. 

For those compounds wherein the C, hydrogen is beta the same procedures 

25 are used as were used when the C, hydn^en is alpha except the C, ketone is 
reduced using sodium borohydride in ethanol to furnish the C, alpha alcohol. 

Reaction Scheme IV Qlustrates the reaction pathways to achieve the Formula 
Vlll compounds wherein and are defined above starting ftom the Fonnula VIII 
compound wherein is methylene and 0^ Is carbonyl. 

3D In general, preparation methods for these compounds may be found in LF. 

Fleser and M. Reser, Stm)ids, Reinhold Pub. Corp., New York, 1959 and references 
therein, however, the following descriptive text (which is keyed to Reaction Scheme 
IV) provides specific guidance. 
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Bri fly acc rding to Reaction Sch me IV meth d 1 , the starting material is 
acetylated and bromininated according to th pr cedur described in J. Ch m. 
5 Soc . 1956, 4344. This intemfiediate is then reduced with lithium aluminum hydride 
and treated with silver oxide by a procedure similar to that described in Helv. Act. 
Chim.. 1953, 2S, 1241. The resulting B-11,12-epoxide is opened with trichloroacetic 
acid, saponified and reduced with zinc and acetic acid using the procedure 
described in J. Chem. Soc . 1956, 4330 to give the product shown for method 1. 

10 in method 2, the starting material is selectively acetylated using the 

procedure described In J. Chem. Soc . 1956, 430. Using the procedure described 
in Pro. Svn.. 1976, §§> 84, the resulting product is oxidized with chromium trioxide 
and pyridine. Using the procedure described in Synthesis . 1973, 790, the resulting 
product it saponified with potassium cyanide in water, methanol and THF to give the 

1 5 product shown for method 2. 

In method 3, the starting material is converted to the corresponding . 
toluenesuifonyihydFazone which is in turn treated with sodium methoxlde using a 
procedure simHar to that described in J. Am. Chem. Soc. 1954. 7g» 4013. The 
rMultirtg 1 1-ene product it oxidztd with osmium tstroxide and NHnethylmorpholine- 

20 N-exido according to the procedure describe in Tetrahedron Letters. 1976, 1973 to 
give the product shown for method 3. 

In method 4, the starting material it monotwominated using a procedure 
described in US Pat No. 3,178«418. Hydrolysis of this intermediate using the 

proctdura deteribed in J^^)SIIL^fifi„ 1956. 4330 givet the product ihown for 
25 method 4. 

in mattwdt 5 and 6, the ttaiting material it reduced with DINum aluminum 
hydride according to the procedure detcribed in J. Am. Chem. Soe.. 1 954. Zl, 
4013. The two products thown in meihodt 5 and 6 am teparated 
chromatographically. 

30 In method 7. the ttarting material It reduced with Hlhium aluminum hydride 

according to the procedure detcribed In J. Am. Chem. Soe.. 1951. a, 1777 to give 
the product thown. 

In method 8. the ttarting material it reduced with lithium and ammonia 
according to the procedure detcribed in J. Am. Cham. Soe.. 1953. Zg. 1282 to give 

35 the product shown. 
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in method 9, the starting material Is acetylated according to the proc dur 
described in J. Am. Chem. Soc . 1955, 77, 1632 to give a mixture of acetates from 
5 which the 3,11-diacetate can be isolated. The unprotected 12-alcohol is then 

oxidized with chromium trioxide and pyridine according to the procedure described 
in Org. Svn.. 1976, 55, 84. Saponifieation of the acetates gives the product shown 
for method 9. 

In method 10, the starting material Is diacetyiated using the procedure 
10 described in J. Chem. Soc . 1956, 4330. The diacetate is reduced with calcium and 
ammonia using the procedure described in J. Chem. Soc 1956, 4334 to give the 
product shown for method 10. 

In method 11 , the starting material is reduced with litnlum and ammonia 
according to the procedure described in J. Am. Chem. Soc . 1953, 75, 1282 to giv 
15 the product shown. 

In method 12, the starting materia! is reduced with lithium aluminum hydrid 
according to the procedure described in J. Am, Chem. Soc. 1951 , ^ 1777 to give 
the product shown. 

In method 13, the starting material is selectiveiy protected at the 3-alcohol 
20 with t-butyldimethylchlorosiiane and imidazole using the procedure described in J. 
Am. Chem. Soc. . 1972, 94* 6190. Using the procedure described in Org. Svn.. 
1976, SS, 84, the product is oxidized with chromium trioxide and pyridine. The 3- 
alcohol is then desilylated with hydrofluoric add in acetonltrile using the procedure 
described in J. Am. Chem, Soc. 1972, M. 6190 to give the product shown for 
25 method IS. 

In method 14, the starting material is seiedtveiy protected at the 3-alcohol 
iMHh t-butyldbnelhyld)iorosiiane and imidazole using the procedure described in ^ 
Am. Chem, Soc. 1972, SI 6190. The resulting intermediate is reduced with lithium 
aluminum hydride using the procedure described bi J. Am. Chem. Sec. 1951 , ^ 
30 1777. The resulting intermediate is selectively acetylated on the 12-alcohol, silylated 
on the 11-aloohol with trimethylsllyttriflate and 2,&lutldlne using the procedure 
described In Tetrahedron Ijetters. 1981 , 2i, 3455, and then deacetylated at the 12- 
alcohol with Dlhium aluminum hydride and an aqueous ammonium chloride quench. 
The 12*aleohoi Is oxidized with chromium trioxide and pyridine in methylene chlorid 



wo 94/00480 



PCT/US93/04092 



-29- 

using the pr cedur described in Pro. Svn.. 1976. 55, 84. and then desilylated with 
hydrofluoric acid in acetonltrile using the procedure described in J. Am. Chem. Soc . 
5 1972, 94f 6190 to give the product shown in method 14. 

According to Reaction Scheme V the desired Fomnula lA compounds wherein 
Q\ Q^ 0*. Q*. Q', Cg and 0,5 are as described in (E) above (i.e., oxygenated at the 
position) may be prepared by the following procedures. 

The desired Formula X compound can be prepared by the oxidation of 
10 tigogenin \K Generally the oxidation is perfomied by reaction of tigogenin with 
pyridinium chlorochromate in a reaction inert solvent such as methylene chloride at 
O^C to ambient temperature for about 2 hours to about 10 hours. 

The desired Fomiuta Xi compound can be prepared by bromination of ^e 
Formula X compound followed by an elimination reaction. Typically the bromination 
16 is performed by reaction of the Formula X compound with bromine in 

tetrahydrofuran at a temperature of about -78^0, followed by warming to ambient 
temperature for about 1 hour to about 3 hours. The elimination reaction is 
performed by reaction of the brominated product prepared above with lltiiium 
bromide and lithium carbonate in a polar, aprotic solvent such as dimethyl 
20 formamide at a temperature of about lOO^C to about 140^'C for about 1 hour to 
about 4 hours. 

The desired Fomiula XII compound can be prepared by epoxidation of the 
appropriate Fonnula XI compound followed by Ifthlum aluminum hydride reduction. 
Generally the epoxidation is performed by reaction of the Formula XI compound with 

25 hydrogen penoxide and sodium hydroxide in a polar, protic solvent such as 

methanol at ambient temperature lor about 2 hours to about 6 hours. The reduction 
is performed by reaction of the epoxide prepared above with Sthium aluminum 
hydride in a reaction Inert solvent such as tetrahydrofuran at ambient temperature 
for 2 hours to about 6 hours. 

30 The desired Formula lA compound as described in (E) above wherein Q* 

contains a hydroxy group may then be prepared from the appropriate Formula XII 
compound by a zinc fluoride catalyzed coupling followed by deacetytation with 
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sodium meth xid as described previ usly. Thos compounds wherein is 
carbonyi may be prepared In an analogous manner, with the addition of oxidation 
5 with pyridinium chlorochromate (as described for Fomiula X compounds ) prior to 
the deacetylation. 

According to Reaction Scheme VI, the desired Fomnula lA compounds 
wherein Q\Q',Q^,Q^Q',C9 and C^s are as described In (F) above (i.e., oxygenated at 
the position) may be prepared by the following procedures. 

10 The desired Fomnula p(IV) compound can be obtained by protection (as 

denoted by P) of the alcohol function in diosgenin pail) followed by hydroboration of 
the olefin. Typically, the alcohol is protected as an ethoxymethyl ether by reaction 
of diosgenin with ethoxymethyl chloride and diisopropylethyl amine in an anhydrous 
solvent such as methylene chloride at ambient temperature for about 2 hours to 6 

15 hours. The hydroboration is perfomied by reaction of the compound prepared 
above with borane^etrahydrofuran complex in a reaction-Inert solvent such as 
tetrahydrofuran at ambient temperature for about 1 hour to about 6 hours. 

The desired Fomnula XV compound can be prepared by oxidation of the 
appropriate Formula XIV compound followed by removal of the alcohol protecting 

20 group. Qeneraily, the oxidation is perfomned by reaction of the Formula XIV 
compound with pyridinium chlorochromate in an anhydrous solvent such as 
mettiylene chloride at ambient temperature for about 2 hours to about 8 hours. The 
removal of the alcohol protecting group can be accomplished by reaction of the 
oxidized product prepared above wtth concentrated hydrochloric add in a mixed 

25 solvent containing methanol and tetrahydrofuran at a temperature of about 40^C to 
about 65®C for about 5 minutw to about 1 hour. 

The desired Formula lA compound as described in (F) above wherein is 
earbonyl may then be prepared from tine appropriate Fomiula XV compound by a 
line fluoride catalyzed coupling reaction followed by deacetylation using sodium 

30 methoxide as described previously. Those compounds where in contain a 
hydroxy group may be prepared in an analogous manner with the addition of 
reduction prior to deacetylation. Typically the reduction is performed by reaction 
with sodium borohydride In a mixed solvent of ettianol and dichloromettiane at 
ambient temperatur for about 1 hour to about 6 hours. 
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The compounds of Formula I which have been obtained and have 
asymmetric carbon atoms can be separated int their diastere mers on the basis of 
5 their physical chemical differences by methods known qsL S&&» for example, by 
chromatography and/or fractional crystallization. 

The compounds of this Invention where the sugar is B-D-glucopyranuronosyl 
are acidic and they form base salts. All such base salts are within the scope of this 
Invention and they can be prepared by conventional methods. For example, they 
10 can be prepared simply by contacting the acidic and basic entities, usually in a 
stoichiometric ratio, in either an aqueous, non-aqueous or partially aqueous 
medium, as appropriate. The salts are recovered either by filtration, by predpitati n 
with a non-solvent followed by filtration, by evaporation of the solvent, or, in the case 
of aqueous solutions, by lyopNIization, as appropriate. 
15 In addition, many of the compounds of this invention may be isolated as 

hydrates. 

The compounds of this invention are potent inhibitors of cholesterol 

absorption and thus are all adapted to therapeutic use as hypercholesterolemia 

controlling agents in mammals, particularly humans. Since hypercholesterolemia is 
20 closely related to the development of generalized cardiovascular, cerebral vascular 

or peripheral vascular disorders, secondarily these compounds prevent the 

development of atherosclerosis particulariy arteriosclerosis. 

The hypercholesterolemia controlling activity of these compounds may be 

demonstrated by methods based on standard procedures. For example, tiie jn nqvo 
25 activity of these compounds in inhibiting intestinal absorption of cholesterol may be 

determined by the procedure of Melchoir and Hanmii (J. Upld Res., 1985, 26, 306- 

315). 

Activity can be determined by flie amount of hypocholesterolemic agent that 
reduces the cholesterol absorption, relative to the control, in male golden Syrian 

30 hamsters. Mde golden Syrian hamsters are administered either a cholesterd-ft^ 
diet (control animals) or a diet supplwnented with 1% cholesterol and 0.5% cholle 
add for 4 days. The following day the animals are fasted for 18 hours, then 
administered a 1.5 ml oral bolus of water containing 0.25% metiiylcelluiose, 0.6% 
Tween 80 and 10% ethanol (control animals) or an oral bolus that contains, in 

35 addition, th desired concentraU nofth compound to be tested. Immediately 
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following bolus administrati n, the animals receive a second 1 .5 ml oral bolus f 
liquid hamster di t containing 1% [>H] cholesterol (2.0 pCi/animal; 210 dpm/nmol) 
5 and 0.5% eholic add, and are fasted for an additional 24 hours. At the end of this 
second fasting period animals are sacrificed livers are excised, saponified and 
allquots are decolorized by addition of hydrogen peroxide, and assessed for 
radioactivity. Total hepatic radioactivity is calculated based on measured liver 
weights. The degree of cholesterol absorption is expressed as a percentage of the 

10 total radioactivity administered as an oral bolus that is present in the liver 24 hours 
following bolus administration. 

Anti-aiheroseierosis effects of the compounds can be determined by the 
amount of agent that reduce* the lipid deposition In the rabbit aorta. Male New 
Zealand white rabbits are fed a diet containing 0.4% cholesterol and 5% peanut oil 

15 for 1 ynak (meal4ad once a day). Alter 1 week, the rabbits are dosed daily with the 
desired concentration of the compound to be tasted. After 8.5 weeics, drug 
treatment Is discontinued and the animals are maintained on the cholesterol 
containing diet for an additional 2 weeics and then swHched to a cholesterol free diet 
IM'SwMks. The animals art saerMesd, and the aortas ramovad from the thoracic 

20 arch to the branch of the Hiacs. The aortas are cleaned of adventitia, opened 
longitudinally and then stained with Sudan IV as descrbed by Holman et al. (Lab. 
Invet 1958, 7, 42-47). The percent of the surtace area stained is quantitated by 
densltomelry using an Optimas knage Analyzing System (Image Processing 
Systems). Reduced lipid deposition is Indicated by a reduction In the percent 

K surtaoe area stained in the diug treated group in comparison with the control 
rabbits. 

AdrnMstratlon of the compowKis of IMs invention can be via any method 
wMehcMvarB the oompounds to the intestinal lumen. These methods include oral 
routes, intraduodenal routes etc. 
30 The amotmt of steroidal ^ycoside administered wiO. of course, be dependent 

on the subject being treated, on the severity of the affliction, on the manner of 
administrBtlon and on the juc^ement of the prescribing physician. I^owever, an 
effsetive dosage is in the range of 0.71 to 200 mg/kg/day, preferably 2 to 60 
mg/kg/day, most preferably 2 to 7 mg/kg/day. For an average 70 kg human, this 
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would amount to 0.05 to 14 g/day, preferably 0.14 to 3.5 g/day, m st pref rably 0.14 
to 0.5 g/day. 

5 For oral administration, which is preferred, a phamnaceuticaJ composition can 

take the fomri of solutions, suspensions, tablets, pills, capsules, powders, sustained 
release formulations and the like. 

Depending on the intended mode of administration, the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such 

10 as, for example, tablets, pills, capsules, powders, liquids, suspensions, or the like, 
preferably in unit dosage forms suitable for single administration of precise dosages. 
The pharmaceutical compositions will include a conventional pharmaceutical carrier 
or exdpient and a compound according to the invention as an active ingredient In 
addition, It may include other medidnal or pharmaceutical agents, caniers. 

15 adjuvants, etc. 

Pharmaceutical compositions according to the invention may contain 0.1%- 
95% of the compound, preferably 1%-70%. In any event, ttie composition or ^ 
formulation to be administered will contain a quantity of a compound according to 
the invention in an amount effective to alleviate the signs of the subject being 

20 treated, i.e., hypercholesterolemia or atherosclerosis. 

For solid phamiaeeutical compositions, conventional non-toxic solid carriers 
include, for example, pharmaoeuttcal grades of mannKol, lactose, starch, 
magnesium stearote. sodium saccharin, talcum, cellulose, glucose, sucrose, ' 
magnesium cartMnate. and the Uke. 

25 Uquld pharmaoeutieatly administrable compositions can be prepared by 

dissolving or dispersing, or othenMse preparing a compound according to this 
invention and mixing it optionally witti a pharmaceutical adjuvant In a carrier, such 
as, for example, water, saline, aqueous dextrose, glycerol, ettianoi, and the Hke, to 
thereby form a soiutfon or suspension. 

30 Methods of preparing various phannaceuticai compositions with a certain 

amount of active ingredient are known, or wDI be apparent, to those skilled in this 
art For examples, see Remington's Pharmaceutical Sciences., Mack Pubflshing 
Company, Easter, Pa., 15th Edition (1975). 
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Examole 1 

(3B.Sa, 1 2B.25ffl-3-f B>I>aalaetQSYl^o)(vM 2>hvdroxvspirQstane 
5 REDUCTION OF KETONES 

To a room temperature solution of (3Q,Sa,25R)-3-[(B-D-galactosyl)oxy]- 
spirostan-12-one (1.33 g, 2.24 mmol; obtained via deacetytation of (3B,Sa, 25R)-3- 
[{tetraacetyl-B-D-galactosyl)oxy]spirostan-12-one (preparation B2) according to the 
procedure described in Example 3), ethanol (130 mL) and chlorofomn (260 mL) was 
10 added a solution of sodium borohydride (0.51 g, 13.4 mmol) and ethanot(50 mL). 
After stirring for 4 hours, methanol (200 mL) was added and stirring was resumed for 
2 hours. The reaction mixture was concentrated jn vacuo to give 3.38 g of crude 
product. Recrystallization from a mixture of methanol (80 mL) and water (8 mL), 
followed by washing with cold methanol (20 mL) and drying gave 1.33 g 
IS (quantitative yield) of the title compounds. MS: 595 (M+H). 

MP: >200»C. High resolution FAB MS (m/e): calc. for C33H55O9: 595.3848. found: 
595.3861 

The title compound was prepared from the appropriate starting material in an 
analogous manner using the procedure of Example 1. 
20 Example 2 

f38.6<y.12fl.2SRV>3>rfl M>cellobiosvltoxvl>12-hvdrQxvsplrDSta^^ 
m*D. M«S» 

>200»C 757(M+H) FAB HRMS (m/e): calc. for C„H»»0,4 Ne: 779.4194 
25 779(M+N«) found: 779.4260 

Example 3 

OB. 6a. 2SRW3.rm.D.eallobiosvltexv1«piroaten.11^n> 
DEACgTYlATIQN 

30 A mixture of (38,5a.25R>0>((heptaacety(-B-D<enobiosyl)oxy]spirostan-1 1 -one (6.57 g, 
6.26 mmoO, sodium methoxide (68 mg, 1.25 mmoQ. methanol (35 mL4 and 
tetrahydrofuran (75 ml^ was heated to reflux for 1 hour, followed by stirring at room 
temperature for 12 hours. A white precipitate formed within 30 minutes. The final 



35 
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suspensi n was concentrated 1q vacuo to give 6.0 g f crude product. This mat rial 
was purified by flash chromatography (eluent: chlorofomft followed by 8:2 
5 chloroform:methanol) to give 2.71 g (57% yield) of the title compound. 

NMR (DMSOO 6 : 5.22 (d, J= 5Hz, IH); 5.00 (m, 3H); 4.64 (s, 1H); 
4.58 (t. J= 5 Hz. 1H); 4.54 (t. J= 6H2. IH); 4.34 (q, J= 8 Hz. IH); 4.27 (d, 
J« 8Hz. IH); 4.23 (d. J= 8 Hz, IH); 3.68 - 2.94 (m, 16 H); 2.34 (m. 2H); 2.08 
• 0.81 (m, 23H); 0.92 (s. 3H); 0.86 (d, J = 7 Hz, 3H); 0.72 (d. J = 6 Hz, 3H); 
10 0.59 (s. 3H). DEPT NMR (DMSO-de) 6 : 210.4 (s), 108.8 (s). 103.6 (d). 

100.6 (d), 81.1 (d), 80.6 (d). 77.2 (d). 76.9 (d), 76.5 (d), 75.5 (d). 75.1 (d). 
73.7 (d), 73.6 (d). 70.5 (d). 66.4 (t), 63.5 (d), 61.5 (t). 60.9 (t), 50.5 (d), 57.1 
(t), 54.7 (d), 44.3 (s), 44.1 (d). 41.7 (d), 36.8 (d), 35.6 (t). 35.2 (s). 34.0 (t). 
32.6 (t). 31.3 (s), 30.2 (d), 29.2 (t), 28.9 (t). 28.2 (I). 17.5 (q), 17.3 (q), 14.8 
15 (q), 12.3 (q). IR (KBr): 3407 (s). 1700 (m) cm \ High resolution FAB MS 

(m/e): calculated for C^^HesOuNa 777.4037. found 777.41 08. Analysis: cal . 
for C^HflaOu^HjO.C 59.22 H 8.41; found C 59.48. H 8.48. MP: >300«C. 
A monohydrate crystalline form of the above titled product was prepared as 
follows: 

20 A mbdure of 20 g of the crude product prepared according to the above 

procedure, 600 ml of n-propanot, and 400 ml of water was stirred and heated to 
reflux, to the resulting solution was charged 2.0 g of diatomaceous earth. While 
still at reflux the Insolubies were removed by filtration. The filtrate was 
atmospherically distilled to a total volume of 600 ml and cooled to ambient 

25 temperature. The resulting suspension was granulated for one hour and the product 
was collected by filtralion. The urulried recrystalBzed cake from the above 
recrystaBzation was suspertded in 500 ml of methanol. This suspension was heated 
to reflux for 16 hours, cooled to ambient temperature, granulated for 48 hours, and 
isolated by fittraiion. Vacuum drying yielded 16.1 g (81% recovery) of the crystal 

30 monohydrate of the Example 3 titled compound. 

ExamDles4-47 

The following compounds were prepared from the appropriate starting 
material in an analogous manner using the alMve procedures. 
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Exampie# Compound Name 

mjp, MJS. formula elemental analysis 



4. ) f3B.Sg.2SR>-3-ffB-D-cellobio8Vl^oxv1spirostan-12-on9 

>200»C 755 (M+H) C3,H,jO,4 calc. C 59.22; H 8.41 
777(M-l>Na) •2H20 found C 59.54; H 8.64 

5. ) f3g.Sg.25RV-3-ffB-D-eenobio8vl^oxvl8Dirostane 

>300"C 741 (M+H) C„HmO„ calc. C 62.46; H 8.74 

•0.5H,0 found C 62.31; H 8.36 

6. ) f3B.SS.25ro-3-rfB-D-cellobiosvltoxv1SDirostane 

>300«C 741 (M+H) CjjHe^O,, calc. C 61 ,72; H 8.77 

•H,0 found C 61 .76; H 9.04 

7. ) f3fl.&i.26B1.3.ffB.D-qlueurono«vnoxv1sDlro«tane 

>200«C 615 (M+Na) FAB HRMS (m/e): calc. for CuH„0,Na2 637.3278 
637 (M+2Na) found 637.3329 



20 ^) f9B.».2ff^»ffB-MwwYn9?<Yl?p!r9TWin-18-9nf 

>200«C 693 (M+H) C»H„0, calc. C 64.89; H 8.91 
615 (M+Na) 'HJO found C 64.46; H 8.62 



9. ) f3B.Sg.2SRV^rfB4><ialaeto8Vltoxvlteiro«tan«1 l-one 

25 >200«C 593 (M+H) C„H„0, calc. C 65.38; H 8.89 

615 (M+Na) -0.75 H2O found C 65.34; H 8.63 

10. ) f3fl.6fl.2BSV^rrBJ^eeHoblo«vt^oxvl«D!roetane 



15 



30 



>250«C 741 (M+H) CmI^O,, calc. C 60.99; H 8.85 

•1.5 H,0 found C 60.69; H 8.90 

11.) f3B.5g.25RV-3-(ffB-D-cellobfosvnoxvlethoxvteDlrostane 

>250«C 785(M+H) C4,Hu0u calc. C 60.65; H 8.81 

•I.5H2O found C 60.53; H 8.97 



35 
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ExampI # Compound Nam 

m4). M.S. formula alamantai analyaia 

12.) f3B.6g.26RV^rfB-D^alaetODvranosvnoxvle<hoxvteDirostane 

225»C 623(M+H) 03,85,0, caic. 0 65.14; H 9.45 
(dec) -1.25 820 found C 65.39; H 9.61 

.|Q 13.) raB.Sg.25m-3-frB»l>fflalt08V>^oxv1sDirostane 

230»C 741(M-i-H) C^HmO,, calc. C 60.30; H 8.82 
(dae) -2830 found C 60.64; H 8.84 

14. ) (3B.5g.25RV-3-RB-tWaetosv»oxv1SDiro8tane 

>260»C 741(M+H) C^0„ calc. C 63.22; H 8.71 
15 found C6296; H8.65 

15. ) f 3B.5g.25RV^f (B-D-lactosvttoxvlspirostan-l 2-one 

>260oC 755(M+H) ^ OuHaPu calc. C 61.31; H 8.31 

•0.5 H,0 found 0 61 .02; H 8.45 

20 16«) f3B.8g.2BRV-3-KB-D-2-acatamido»2<l90xvQlucoDvranosvt^oxvl- ~ 



25 



210412»C 620(M-l-H) C„He,0,4 calc C 65.91; H 9.32; 

N2.20 

•1.0 H2O found 0 66.07; H 9.55; 

N226 

17. ) f3B.Sg.2SHV'3-ffB»D-Qan«oblo8vnoxvl8Dlro8tana 

285«C 741(M-I-H) CuHmO,, calc. C 61 .72; H 8.77 
(dac) -1.0 H2O found 0 61.71; H 8.96 

18. ) WB.gg,8W)-9-ffgH,-OTbanepYrano8Yl)o)^1fpirortanf 

>200«C 549(M-I-H) CuHuO, calc. C 68.36; H 9.59 
30 •0.75H,0 found C 68.30; H 9.64 

19. ) f3B.Sfl.26RVa-fftf.D.arabanoDvranosvl^oxvl8Plrestane 

>200*C 549(M•^H) C„H8j0, calc. C 65.73; H 9.65 

•2.0 H,0 found C 65.54; H 925 

35 
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Example# C mpound Nam 

in.p. M^. formula alemental analysis 

20.) f3B.6g.26RV-3.ffB.L.)(Vlopvrano8vnexv1aDirogtana 

>230«C 549(M+H) C,jH„0, calc. C 68.91; H 9.58 

•0.5 H3O found C 68.52; H 9.36 



21. ) (3B.Sg.25RV3»rfB-L.lueeDvrano«vl^Qxv1«piro«ten« 

>230«>C 561 (M+H) C„H840, calc. C 68.25; H 9.72 

•I.OH2O found C 68.62; H 9.53 

22. ) f3B.5g.25m-3-ffB-D-xvtopranosvt^oxv1sDlrostana 

15 >220»C 549(M+H) C,jH„0, calc. C 66.23; H 9.64 

•1.75 H,0 found C 66.32; H 9.31 

23. ) <3B.5g.25RV^RB^>.ftJcopvranosvltoxvlSDirostana 

>220«C 663(M+H) C^HmO, calc. C 69.32; H 9.69 

•0.5 HjO found C 69.32; H 9.78 

20 

24. ) f3B.Sif.2Sm-3-rfB-D.qalaetePvrano8vne)(vl9Piro8tana 

>200*C 679(M+H) CjaHg,©, calc. C 66.12; H 9.47 

•1.25 H3O found C 66.46; H 9.26 

25. ) f3B.Sg.2SRV-3.rf3-O^D-aaiaetopvranosv»-g-D. 

arabanopvranosvltoxvlapffpstana 

25 

>200»C 579(M+H) C„HejO„ calc C 62.64; H 8.78 

•1 H,0 found C 62.93; H 8.66 

26. ) <aB.gg.2SSV3-rfB-D^alaet opvranosvl^oxv1sDirostana 

>200«C 579(M-i-H) C^HmO, calc. C 64.51 ;H 9.44 
30 '2 H,0 found C 64.69; H 9.41 

27. ) f3B.Sg.2SR^^ffa^D.celteb}psvttoxvlsplrostan.11-cna 

290^292«C 777(M-t'Na) FAB HRMS (m/a): calc. for C„H„Ou 755.4218 

found 755.4163 
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10 



15 



Exampto# C mp und Nam* 

nup. M.S. formula •lemental analysis 



28. ) r3B.5g.12B. 2Sm-3-f/B-D.ceHobiosv<\oxv1-124ivdroxvsDirostana. 

>200»C 771 (M+H) C„HejO,6 calc. C 60.76; H 8.10 
793(M-i-Na) •HjO found C 61.76; H 8.88 

29. ) f3B.5g.11g.25R)-3-fm-iD-celloblosvl^oxv1-1 1-hvdroxvsDlrostane 

>210»C 779(M+Na) FAB HRMS (m/e): calc. for C„H,40,4 Na 779.4194 

found 779.4138 

30. ) f3B.5g.11B.26RV^r(B-l>celtobiosv<toxv1.11.hvdroxvsDlrDstans 

>210«C 779(M-I-Na) CuHmOu calc. C 60.45; H 8.28 

•H,0 found C 60.41 ; H 8.68 

31. ) f3B.8<y.2SRW3-fm.D-QlueopvranQ«vllQXVlmlfo«tan.1 1^n« 

293495«C 583(M-I-H) CssHbA calc. C 64.89; H 8.91 

2 H,0 found C 64.48; H 8.85 

32. ) <afl.&>.11fl.12B.2SRUa.f/M^tebio«vltoxvM1.12. 

dlftwdrcMcvteplrostana 

>230"C 773(M-I-H) C^HmO,, calc. C 57.91; H 8.47 

•2 Hfi found C 57.87; H 8.41 

25 33.) f3B.Sg.1 1g.12B.2Sm^rrM)^oblo«vltoxvl.1 1 .12. 

>230*C 773(M-I-H) C^O,, calc C 69.22; H 8.41 

•1H,0 found C 69.27; H 8.32 



20 



30 



34.) (3B.Sg.12g.2BRV^WB.D<anQblogvno»/1.124wdroxvaoirostana 

>230«C 757(M-»-Na) C,«H,«0,4 calc. C 57.76; H 8.70 

•3H,0 found C 57.56; H 8.61 



35 
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Example# Compound Name 

nup. M.S. formula elemental analyala 

35. ) faB.6g.2SRV3.frB-IMaeto«vnexv1«DireBtan-11.ontt 

>2700C 755(M+H) C„H,jO,4 calc. C 62.05; H 8.28 

found C 61 .68; H 8.14 

36. ) f3B.Sfl.11g.12g.25RK?-ffB.t>cell oblo8vl^oxv1.11.1g. 

diftivdrexv^gpirogtane 

287-288«C 795(M-t-H) FAB HRMS (m/e): eale. for CjsHMO^Na 795.4143 

found 795.4164 

37. ) f3B.5g.11g.25Rl-3-ffB-D-cellobiosvl)oxv]-11.hvdroxv8Dirostan« 

12.one 

15 

>300»C 771 (M+H) C„H„0„ ealo. C 67.41; H 848 
783(M-i-Na} 2.5H,0 found C 67.38; H 7.90 

38. ) f3B.5g.25RV.3.ffB-[>celloblosvl)oxv1SDirostan-1 1 .12-dione 

244-246-C 769(M+H) C„HeoO,B caic. C 66.70; H 8.15 
20 791(M-I-Na) 4H,0 found C 65.93; H 7.99 

39. ) r3B.Sg.11B.12g.25RV3.WB.D.celtobiosvltoxv1.11.12. 

dlfhvdroxv^sDlrostana 

>228-229«C 773(M+H) FAB HRMS (m/e): calc. for CuHa40,sNa 795.41429 
795(M-i-Na) found 795.4164 

25 

40. ) f3B.6g.12tf. 26RV3.rfB4>.caBobtosvnoxv1.12.hvdfD»«pirDatan. 

>230*C 771(M-I>H) CmHssO,, calc. C 66.78; H 8.31 
793(M'i-Na) ^Hfi found C 56.97; H 7.80 



41.) ra8.6g.12fl. 26RV»rfB-I>laeto8vnoxvl.12-hvdrexv8Dire8tan.11.one 

>275«C 771(M-l>H) CmH^O,, eale. C 60.06; H 8.14 

O.6H2O found C 69.92; H 7.89 



35 
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Exainpi«# Compound Name 

ntjp, M.S. formula elemental analyaia 

iBS8ssaaa8ssaas&sBasssssea88sss:sss3sssss:ssss 

42. ) f3B.5g.2Sm-3»f fB-D-maftotTiosvltoxvlsDlrostan»1 1 -cne 

>230«C 939(M-«-Na) C3,Ha,0,B calc. C 54.15; H 8.17 

4.5H,0 found C 54.08; H 7.84 

43. ) f3B.Sg.2SRV-3.ffB-D4naltosvttoxvlsDirostan-1 1-cne 

>280"C 755(M-(-H) C„H,20,4 eaie. C 59.22; H 8.41 

•2H,0 found C 59.38; H 8.13 

.44.) (1g.3S.5q.25R\-3-r(B-I>celloblosvl>oxv1-1-hvdroxvspirostane 

16 >280«C 757(M+H) C„H.«0,4 calc. C 60.45; H 8.58 

•H,0 found C 60.30; H 8.21 

45. ) f3B.5g.2SRV.3-rrB-D-eeMobiosvf)oxv1splrostan-1-one 

>250«C 755(M-I-H) C„HaA4 eaie. C 60.32; H 8.36 
20 •1.2H,0 found C 60.24; H 8.13 

46. ) f3fl.Sg.2SRV43.ffB-t^celteblo8vnoxv1SDiro8tan-6^na 

>200"C 754(M-I>H) FAB HMRS (m/e): calc. for C3,Hs20,4 755.4286 

found 755.4219 



25 



47.) <3B.Sg.6ir.26RV^rfa^^caHobtosvnoxv1-&h vdroxv8oirQSti 

>250«C 766(M-(-H) CuHmO,4 eate. C 59.12; H 8.65 

<eH,0 found C 59.23; H 8.46 



30 f3B.Sg.11B.^SR>^ffB4>^saiQbto«>dfowl.114wdroxv8Dlro«tan.1^ 

DEACETYIATION 

Based on the procedure described In Svnttiesis. 1973, 790, (3B,5a.1 16,25R)- 
3-[(heptaacetyi-8*C>cenobiosyOoxy]spirostan-11'Ol«12-one (240 mg. 0.225 mmoQ was 
dissolved in methanol (20 mL) and tetrahydrofuran (10 mL). To this solution was 

35 

added a soluti n of potassium cyanide (146 mU 2.25 mm I) in water (0.1 mi) and 
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methanol (5 mL). The resulting mixture was heated to 80 « C for four hours. After 
cooling, the mixture was concentrated to dryness and purified by flash 
5 chromatography (9:1 chiorofonn:methanol eluent) to give the title compound. Mp 
245-247 »C. MS (m/e): 771 (P+1). 793 (P+Na). Analysis: calcfor 
C39HuO„<3H20. C 56.70. H 8.31; found, C 56.97, H 7.80. 

Preparation A1 

10 f 3B.Sg.25m. 3-rf Heptaacetvl-g-OceHobiosvltoxvlsDirostan-1 1 -one 

ANOMERIZATION 
Hydrobromic add (30% in acetic add, 1.2 mL) was added to a room 
temperature solution of (3B, 5a. 25R)-3-[(heptaac6tyl-6-D-cellobiosyl)-oxy]spirostan- 
1 1 -one (2.0 g) in methylene chloride (35 mL) and the resulting mixture was stin-ed at 
15 room temperature for 94 hours. The reaction was quenched by slow addition of 
saturated aqueous sodium bicarbonate (20 mL). The organic layer was separated, 
dried over magnesium sulfate, and dried in vacuo to give 1 .637 g of a blade solid. 
PuriReaBon by repeated flash chromatography (1 :1 ha(ane:ethyl acetate eluent) 
provided 651 mg (33% yield) of the titie compound. 
20 'H NMR (CDCI,) 6 : 5.41 (I, J « 10 Hz, 1H): 609 (complex, 3H): 4.91 

(t, J - 8 Hz. 1H): 4.69 (dd, J = 4 & 10 Hz. IH); 4.49 (complex, 3H); 
4^ (dd. J = 4 & 13 Hz, IH); 3.99 (m. 3H); 3.67 (m, 2H); 3.40 (m, 
3H);2.46 (m, IH); 2.22 (s. 2H); 2.11 (s. 3H); 2.07 (s. 3H); 2.03 (s. 6H); 
2.00 (8. 3H): 1.99 (s. 3H): 1.97 (s. 3H): 2.00 • 0.80 (m. 22H): 1.02 (s. 
26 3H); 0.92 (d, J = 7 Hz, 3H); 0.77 (d, J = 7 Hz. 3H); 0.69 (s, 3H). 

DEPT '»C NMR (CDa,) 6 : 210.0 (s). 170.5 (s). 170.3 (s), 170.2 (s). 
169.6 (s). 169.3 (s), 169.1 (s). 109.2 (s), 100.9 (d), 94.3 (d). 80.6 (d). 
78.0 (d), 77.0 (d). 73.1 (d), 71.9 (d), 71.8 (d). 71.2 (d). 69.6 (d), 68.1 
(d), 67.8 (d), 66.9 (d), 64.4 (d), 62.0 (t), 61.6 (t), 60.7 (d), 67.6 (t), 56.7 
30 (d), 46.0 (d), 44.3 (s), 41.8 (d), 36.9 (d), 36.5 (t), 35.4 (I), 36.1 (s), 32.7 

(t). 31.3 (t), 31.2 W, 30.2 (d). 28.7 (t), 28.0 (t). 27.4 (I), 20.9 (q), 20.7 
(q), 20.6 (q), 20.6 (q). 17.1 (q), 17.0 (q), 14.2 (q). 12.1 (q). IR (Kbr): 
1761 (8). 1706 (m) em '. MS (m/e): 1049 (M+H). 1071 (M + Na). 
Analysis: cale. for CuH^O^'HiO. C 59.65 H 7.37; found C 59.66 H 
35 7.00. MP: 246.249-C. 
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Praoaration B1 

raB.5g.25RV-3-rrHaDtaaeaM-fi.I^ceHQ biosvl^oxvlsDirostane-11-ona 

6 

ZINC FLUORIDE PROMOTED COUPUNG OF FREE SPiROSTANg 

A suspension of {38,5a.25R)-3-hydroxyspirostan-11^na (3.0 g, 6.97 mmol) 
and anhydrous zinc fluoride (2.88 g, 27.9 mmol) in dry aeetonitrile (175 mL) was 
dried by removal of 75 mL of aeetonitrile by distitlation. The suspension was 

10 allowed to cool, heptaacetyi-&0-celloblosyl bromide (9.75 g, 13.9 mmol) was added 
and the resulting suspension was heated to 65«C for 3 hours. After cooling to room 
temperature, methylene chloride (150 mL) was added, the suspension was stirred 
for 10 minutes and filtered. The filtrate was concentrated jn vacuo to give 10 g of 
crude product. This material was dissolved in 8:2 chloroform:methanol, 

15 preadsorbed on silica gel and purified by flash chromatography (eluent 1:1 ethyl 
aeetate:hexane followed by pure ethyl acetate) to give 6.81 g (93% yield) of the titi 
material. 

'H NMR (CDO,) d : 6:11 (complex, 2 H); 5.04 (t, J «= 9 Hz, IH); 4.90 
(I, J = 9 Hz, IH); 4.83 (t, J = 8 Hz, IH); 4.49 (complex, 4H): 4.34 (dd, 

20 J » 4.5 & 12.5 Hz, IH); 4.04 (I, J = 13 Hz, IH); 4.03 (I, J = 11 Hz, 

IH); 3.72 (t, J = 9.5 Hz, IH); 3.65 (m, IH); 3.66 (m, IH); 3.46 (m. 
IH); 2.47 (m, IH); 2.22 (s. 2H); 2.08 ($, 3H); 2.06 (s, 3H); 2.00 (s, 
6H); 1.99 (8, 6H); 1.96 (s, 3H); 2.00 - 1.00 (m, 22H); 0.98 (s, 3H); 0.92 
(d, J = 7 Hz, 3H): 0.77 (d, J = 7 Hz, 3H); 0.68 (s, 3H). DEPT "C 

25 NMR (COa,) 6 : 209.9 (s), 170.5 (s), 170.3 (s). 170.2 (s), 169.9 (s), 

169.8 (s), 169.5 (s), 169.3 (s), 169.0 (s), 109.2 (s), 100.8 (d), 99.4 (d), 
90.0 (8), 80.6 (d), 79.4 (d), 76.6 (d), 75.3 (8), 72.9 (d), 72.6 (d), 72.6 
(d). 71.9 (d), 71.8 (d), 71.6 (d). 67.8 (s), 66.9 (I). 64.4 (d). 62.1 (I), 
61.6 (I), 60.8 (8), 60.7 (d), 57.6 (t). 55.7 (d), 44.8 (d), 44.3 (s), 41.8 (d), 

30 36.9 (d), 35.6 (t), 35.2 (s), 34.1 (t). 32.7 (t), 31 .3 (I). 31 2 (I). 30.2 (d). 

29.0 (I), 28.7 (t), 28.0 (t), 20.9 (q), 20.7 (q), 20.6 (q), 20.5 (q), 20.5 (q), 

17.1 (q), 17.0 (q), 14.2 (q), 12.0 (q). IR (KBr): 1756 (s), 1706 (m) cm* 
\ MS(m/e): 1049 (M+H). Analysis: cale. for CuH„0„-H,0. C 
69.66. H 7.37; found C 59.86, H 7.25. MP: 210-212<>C. 
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In an analogous mann r the foil wing compounds, Preparati n B2<B31, were 
pr pared from the appropriate starting material using th above general procedure. 
5 Preoaration B2 

f3B.Sg.25R)-3*fftetraacetvl«B-D-Qalactosvltoxv1sDirQstane'12^ne 

Preparation B3 
rag.Sg.2Sro«3"ffheptaacetvl-B-D^elloblosvltoxvl8PtrDStane 
Preoaration B4 

10 f3B.SB.25Rl-3-rfheptaacetvl-M>cellobiosvl>oxvl8Pirostana 

Preparation 

f3B.5g.2SR^-3*r(triacetvt-B»D-Qlucuronosvl)oxvlspirostane methvl ester 

Preoaration B6 

f3B.5g.25R^^rftetraacetvl*B-D<ilucopvranosvl)oxv1spirostane-12'One 
15 Preoaration B7 

f3B.Sg.2SR^-3-fftetraacetvt>B-D-qalactopvranosvl^oxvl sDlrostane-11-on^ 

Preparation B8 
f3B.6g.25Sl>3-rmeptaacetvt^>D-cellobiosvltoxvlsDirostane 
Pr?parg^tion B9 

20 f3B.6g.2SRV-3>frftieptaacetYt-B-D^lobiosvt)oxv1ethoxvteplrostane 

Preparation BIO 
(3B,5a.25R>-3^rftetraacetvi-B-D<]alactopvranosvl^oxv1ethQw^^ 

Preparation B11 
f3a.Sg.2SRV-»rfheptaacetvl-MMactosv»oxvl8Pirostane 
2S Preparation B12 

(3B.Sg.2SR^-3-y(heptaacetvH3-D-lactosvl)oxylspirostana*12-'One 

Pr?par^rti9n 919 

(38.5a.2SRV3-fftriacetvl^-arabanopvranosvnoxv1s^^^ 
Preparation B14 

30 f3B.Sif.2SRV^rftriacetvl^D-arabanopvranosvltoxvls 

preparation B15 

Preparation B16 
f3B.Sg.25RV-3-fftria etyl-B-L-fueopyranosvl^oxvlspirostan 
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Preoaratlon B17 
raB.5g.25RV-a-r/triacetvl-S-D-xvtoDvranosvl)oxv]sDiro8tane 

Preoaratjon B18 
f3B.Sg.25RV4^r(WaecM-B.D4ueoDvranosvltoxvlsDirostana 
Preparation B19 
f3B.Sg.2SRV-3-rftetraaoeM-B-D-aalaetopvrano8vnoxv1spiro8tane 
PranaraBon B20 

f3fl.5g.25RV-3-ffhexaaeeM-3-0-B-D-oalaetopvrarH)svlw>-D-arabanoDvri^ 

SDirostane 



PreoaraHen B21 

/3B.6g.26S^.3-rftetraaegM-B-D<ialaetoPvranosvltoxv1«pirostana 
Preparation B22 

f3B.Sg.1 2B.25RV-3-f ftiepteacetyf-ft-D-cenobiosyltoxyl-l 2-hvdroxvspirostar>-1 1 -one 

Preparation B23 

f3B.6g.11g.2SRV^rnieDtaaeetvl.B-t>ceHoblosvl^oxv1.11.hvdroxvspirostane 

PraparaMon B24 

f3B.5g.11B.25R)-3-rfheDtaacetvl-6-D-cellobiosvl)oxvl-11-hvdroxvspirostane 

Preparation B25 

f3B.Sg.26RV3-rftetraaegtvl.B-D^!ueopvranosvnoxvlspirostan-1 1-one 

25 Preparation B26 

r3B.Bii.11B.12B.26RW3.f(heptaaeetvi-B.D-eelloblo8vitoxvM1.12. 
diftivdroxvlspirostane 

Preparation B27 

f3B.Bg.1 1g.12B.25RV3.fftieptaaeetvl.fl.INcellobiosvlk)XVl.1 1 .12- 
30 difhvdroxvtsplrostane 

Preparation B28 

f3B.Sg.12g.2SRV^rheptaaeah/|.B.D-ceilobiosvltoxv1. 
124ivdroxvspirostane 
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Preparation B29 

5 f3B.6g.25R>-3-f fheDtaacetvl-B'D-4aetosvl^oxv1spirostan'1 1 -one 

Preparation B30 

f3B.5g.25ffl-3-fflieDtaacetv>-6-D-cellobiosvhoxvlsDlrostan-12-one 

Preoaration B31 

r3B.Si>.1 1fl.12g.2SRV3.rmeDtaaceM-0-DK:ellobto8vnoxv1-1 1 .12- 
dlhvdrexvsoirostane 

PreoaraHon B32 

f3B.Sg.1 1fl.2SR^-3.rfheDtaaeetvl.B-D-e6lloblosvl)oxv1-1 1- 
hvdroxvsDirostan-1 2-one 

Preparation B33 

f3B.Sg^5RV-3-rflieptaacetv^e-D-ceUobiosvnoxv]spiro8tan-1 1 .12-dione 

PfP«gMonB34 

f3B.te.11B.12g.26RV3.ffheptaacetvl-B.I^eeBobte«vito^ 
d»hvdrexvteptfD8tane 

Preparation B35 

f3B.Sg.1 2g.25R>-3-f fB-D<ellobio8vltoxyl-1 2-hydroxysplro8tan-1 1 -one 

PreoaraHon B36 
25 

f3B.Sg.12B.2BRU3-rfheptaacetvt-B-maetosvitoxv1.12-hvdroxvspirostan-11-one 

Preparation B37 

/3B.Bg.2SRV3.ffdodecaacetvl-B.D<naHotriosvltoxvlspirostan-11.ene 
30 PreoaraHon B38 

f3B.6g.2SRV-3-ffheptaaeetvi-e-D^nalto8vltoxvl8Piro8tan-1 1 -one 
PreoaraHon B39 

f1g.3a.Bg.gsm-3.fnieptaaeetvl-fl-D^eelloblo8vitoxv1-1.hvdroxv8Pirostane 

36 



10 



IS 



wo 94/00480 



PCT/US93/04092 



-47- 

Preparation B40 
f3B.Sg.2SRV-3-rfheptaaeetvl'B-t><elloblosvl>oxvlspirostan-6<ne 

5 

Preparation B41 

fSB.Sg.l 1B.2Sffl-3-rfheptaaeetvt-B-I>-cellobiosvt)oxv1-1 1-hvdroxvspirostan-12-one 

Preparation CI 

10 

f3B.Sg.2SRV3.(rmaDtaacetvl^D-laeto8vfloxvlspirDgtane 

MERCURIC BROMIDE/MERCURIC CYANIDE PROMOTED COUPUNG OF 

SILYLATEDSPIROSTANE 

Powdered 4A molecular sieves (1 g) were added to a solution of trimethylsilyt 
15 tigogenin (1.17 g. 2.4 mmol) and acetobromo lactose (3.36 g. 4.8 mmol) In CHjClj 
(15 wL) and CHjCN (5 mL) at room t«nperature. After stirring for IS minutes 
Hg(CN)3 ^.4 g, 9.6 mmoi) and HgBr, (3.4 g. 9.6 mmol) were added and the mixture 
stirred at room temperature for three hours. The mixture was diluted with ethyl 
acetate (50 mL) and filtered. The filtrate was washed with 1 N HCI(3 x 30 mL^ arKi 
20 brine (1 x 30 mL), dried (Na3S04) filtered and concentrated iq vacuo . The product 
was purified by flash chromatography (10-20% EtOAc/Ci-ljCI,) to afrord 400 mg 
product as a odoriess soRd. MS489 (M-t-H)^. 

NMR (250 MHz. CDQ,) 6 5.35 (d, 1H. J » 1.0 Hz); 6.2 (dd. 1H. J s 4.5. 
4.6 Hz); 5.15 (dd. 1H. J « 6.0. 5.0 Hz); 4.95 (dd, 1H, J » 4.6. 1.0 Hz); 4.86 
25 (dd. 1H. J » 6.0. 4.6 Hz); 4.56 (d. 1H. J » 6.0 Hz); 4.4 (m, 3H); 4.1 (m. 3H); 

3.85 (t, 1H. J » 3.0 Hz); 3.8 (t. 1H, J » 4.5 Hz); 3.5 (m, 3H); 3.35 (t. 1H, J » 
5.0 Hz); 2.16 (s. 3H); 2.12 (s. 3H); 2.07 (s. 12H); 2.0 (s. 3H); 2.0 • 0.5 (m, 
27H): 0.98 (d. SH. J « 4.0 Hz); 0.82 (s. 3H); 0.8 (d. 3H. J » 4.0 Hz); 0.73 (s. 
3H). 

30 In an analogous manner the following compounds, preparations C2-C4, were 

prepared from the appropriate starting material using the above general procedure. 
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Preparation C2 
r3B.Sg.25m-3»»fhept aaceM«S-I>mattosvl^Qxv1«spfrostane 
Preparation C3 

(3B.5g.25m-3-(rftriaaeetvl.B.D.2-aeetamido.2-deoxvQlueopvranosvHoxvl. 

SDirostane 

Preparation C4 

f3B.6g.25RV.3^fmeptaaeeM-B-l>Qentlobiosvnoxvl^iro8tane 
Preparation D1 
<3B.6g.25RV34rimethvisl!vloxvsDirostane 
SILYLATIOKIQFSPIROSTANES 
Trimethyisnyl trifluoromethanesulfonate (4 mU 22.1 mmol) was added 
dropwise to a solution of tigogerun (6 g, 14.4 mmol) and triethyi amine (6 ml^ 45 
mmoi) in CH,CI, (50 mLj at 0"C. After 1 hour, the mixture was diluted with ether 
(100 mL4 and washed with saturated NaHCO, soiution (2 x 50 ml^ and brine (1 x 50 
mL), dried (NagSOJ filtered and concentrated in vacuo. Upon addition of metfuuioi, 
a precipitate fbrmed which was fittered and washed with methanol and dried to 
afford 6.2 g product as a colorless solid. 

MP ig7 -ISS^C. MS 489 (M + H)^. 'H NMR (250 MHz. CDCI,) 6 4.35 (q. 
1H. J = 3.0 IHz); 3.5 (m, 2H); 3.4 (t. 1H. J » 5.5 Hz); 2.04.5 (m. 27H); 1.0 (d. 
3H, J « 4.0 Hz): 0.85 (s, 3H): 0.8 (d, 3H, J » 4.0 Hz); 0.75 (s. 3H); 0.1 (s, 
9H). 

Preparation El 
f3B.8g.2SRV3-f2-hvdroxyethoxv)-spire8tane 
LAN REDUCTIONS 
Uttiium aluminum hydride (0.285 g, 7.5 mmoO was added to a solution of 
HgogenirvO-aeetic add ethyl ester (2.5 g, 4.98 mmol) in THF (50 mg at 0»C. After 
1 hour, the reaction was quenched by the sequential addition of HjO (0.285 mL). 
15% ItoOH (0.285 mL) and Hp (0.85 mL). The mixture was dHuted with ether (26 
ml) and dried with MgS04, filtered and concentrated in vacuo to afford 2.1 g 
product as a coiortess solid. MP 207-208«C. MS 461 (M+IH)^. 

^H NMR (250 MHz. CDQ,) 6 4.4 (q. 1H. J « 3.0 Hz); 3.7 (m. 2H): 3.6 (m. 
2H); 3.6 (m, 1H); 3.4 (t. 1H, J = 5.6 Hz); 3.3 (m, 1H); 2.04.6 (m, 28H). 1.0 
(d, 3H, J » 4.0 Hz); 0.85 (s. 3H); 0.8 (d, 3H. J » 4.0 Hz); 0.76 (s, 3H). 
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Preparati n F*) 
ff3B.5flr.25RUspir stafv3-vl^>0-acgtic acid ethvl ester 
5 fRhfOAcKU CATALYZED CQUPUNGS 

Ethyl diazoacetate (5.5 mL. 0.048 mol) dissotved in 30 mL of CHjClj was 
added dropwise over 1 hour to a solution of tigogenin (10 g, 0.024 mol) and 
rhodium acetate dimer (250 mg) in CH^CI, (250 mL) at room temperature. Gas 
evolved throughout the addition and when the addition was complete the mixture 
10 stirred for an additional 1 hour. The mixture was diluted with hexanes (100 mL) and 
filtered through a plug of silica gel. The filtrate was concentrated jn vacuo 
and upon addition of methanol to the residue, a precipitate formed which was 
filtered and washed with methanol and dried to afford 6.0 g product as a coloriess 
solid. MP119-120«C.MS503(M+H)*. 
15 NMR (250 MHz. CDCI3) 6 4.35 (q. 1H, J « 3.0 Hz); 4.2 (m, 2H); 4.1 (s. 

2H); 3.4 (m, 3H); 2.0 - 0.5 (m, 30H); 0.95 (d, 3H, J « 4.0 Hz); 0.8 (s, 3H); 
0.75 (d. 3H, J = 4.0 Hz); 0.72 (s. 3H). 

Preoaration G1 

f9B.gg.119,18a.25qHpir9?^yv3,iij^trf9i 

20 

f Sfl.Sg. 1 1 a. 25RV1 1 .23-dibromo»3-acetoxv8DlrostarHl 2-one : The title compound was 
synthesized from (36,5a,2SR)-3-acetoxy8pirostan-12K>ne according to the procedure 
described in J, Chem. Soc. 1956, 4344. 

25 {ZB,^M9^^,^S^Y^^,2^^ (36,5a,11a.25RH1^ 
dibromo-3-acetoxy8plrostan-12*one (20.00 g. azeotropleally dried with toluene) was 
diseolvid in THF {fSDO mg and cooled to •78«C. Lithium aluirinum hydride (96.0 
mL of 1 .0 M THF solution) was slowly added and the resulting mixture was stirred at 
-78*C for 2 hours and O^C for 0.5 hour. Using a cannula, the mixture was 

30 cautiously transferred Into stirred 3 M aqueous ammonium chloride (200 mL). The 
organic phase was separated, combined with THF washes of the solid residues, and 
concentrated to give the title compound. 
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f3B.Sflr.1 1 B.1 2fl.2Sffl-23-br mo>1 1 .1 2-eDoxvspirostan-3-ol : Th f llowing procedur 
is a variaH n of that described in Helv, Act. Chim. . 1953, 36. 1241 . 
5 (30.5a,11a,120,25R)-11,23-dibromospirostan-3,12-dioi (18.08 g) was dissolved in 
pyridine (500 mL) at room temperature and treated with silver oxide (70.0 g). The 
resulting mixture was stirred in the dark for 71 hours. The mixture was filtered and 
the solid washed with ether and then chloroform. These washes were combined 
with the filtrate and concentrated. The resulting solid was purified by flash 
10 chromatography (1:1 hexanerethyl acetate) to give 12.2 g of a 1 :1 mixture of the title 
compound and (38,5a,25R)-23-bromospirostan-3-ol-12-one. Further 
chromatography (7:3 hexane:ethyl acetate) provides pure title compound. 

f3a.Sg.1 1 8.1 2g.25R^'23-bromo-1 2-ftrichloroacetoxv^spirostan'3. 1 1 -diol : Using the 
15 procedure described in J. Chem. Soc. 1956. 4330, (38,5a.1 1B.128,25R)-23-bromo- 
1 1,12-epoxyspirostan-3-ol was treated with trichloroacetic acid in toluene at room 
temperature for 3 days to give the title compound. 

fSB.Sg.l 1B.12g.25R)-234)romo-spirostan^.1 1 .12-triol : Using the procedure 
20 described in J. Chem. Soc. 1956, 4330, (38,5a,1 18,12a,25R)-23-bromo-12- 

(trichloroacetoxy)spirostarv^,11-dioi was saponified with sodium hydroxide in water 
and ethanol to give the title compound. 

OB.Sq.l 1 B.12g.25R^-SDiro8tarv>3.1 1 .12-triol : Using the procedure described In 
25 Chem, Soc., 1956, 4330, (3B,5a,1 16,12a,2SR>-23-bromo-12-(trichloroacetoxy)* 

8piro8tan-3»1 1-diol was reduced with zinc and acetic add to give the title compound. 

Preoaration G2 
(9B,§g,1^,g5R)splro8tan^,12^ioM l-pne 

30 

f3B.5g.1 1 B- 1 2g.25R)-3.1 2^ifacetoxy)spirostan-1 1 -ol : Using the procedure described 
in J. Chem. Soc . 1956. 4330, (3B,5a,118,12o,25R)-spiro8tan-3,11, 12-triol 
(preparation G1) was selectively acetylated with acetic anhydride and pyridine to 
giv th titie compound. 
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f3B.Sg.12g.25m-3.12^ifaeetoxv^spiro rtan.11^ne : Using 1h« procsdura described in 
Org. Svn.. 1976, 55, 84. (3B,So.11S,12o,25R)-3.12-di(ae«toxy)-spirostan>11-oi was 
5 oxidized with chromium trioxide and pyridine in methylene chioride to give the titie 
compound. 

f3B.5g.1 2g. 25R>-spiro8tan-3. 1 2-diol-1 1 -one : Using the procedure described in Svn. . 
1973. 790. (3B,5a,12a.25R)-3,12-di(acetoxy)spirostan-11-one was saponified with 
1 0 potassium cyanide in water, methanol and THF to give the titie compound. 

Preparation G3 
f3B.Sfl.11fl.2SR^SDirostan^.1 l-diol 

15 r3fl.&>.1 1 B.2SRteDirostan^.1 1 -diol: (3B,5a,25R)spirostan-3ol-1 1-one (Aidrich 
Chemical Company. MHwaultee. Wl or Steraloids Inc.. Wilton. N.H.. or see 
preparation G13) was converted into the titie compound via reduction with lithium 
aluminum hydride in THF at room temperature according to the procedure 
described in J. Am. Chem. Soe.. 1951 . 73. 1777. 

20 

Preparation G4 
f3fl.Sir.1 1i».2SRtepi fD8tan-3.1 l-dioi 

f3B.&r.1 1g.26R^8Dirostan.3.1 l-dioh (3S.5a.25R)8pirostan-3K}|.1 1 -one (Aldrich Chemical 
25 Company. Miiwauitee, Wl or Steraloids inc.. Wilton. N.H.. or see preparation G1 3) was 
converted into the titie compound via reduction with lithium and ammonia according 
to the procedure described in J. Am. Chem. Soc. 1953. 25. 1282. 

Preparation 05 

30 f3fl.5g.11B.12B.25m8Pirostan-3.11.12.triQl 

f3B.So.1 1 B.12B.2SRtepirostan.3.1 1 .1 2.trio!: (38,50.1 2B.25R)-3.12-di(acetoxy)spirostan- 
ll'one (purchased from Steraloids. inc.. or see preparation Q13) was converted into 
the title compound via reduction with Othium aluminum hydride in THF at room 
temperature according to the procedure described in J. Am. Chem. See. 1951, ^ 

36 1777. 
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PreparaBon 06 
r3B.Sa.11<r.12B.25msD{ro8tan^.11.1g.Mol 

5 

r3B.Sg.12B.25R^SDirostarv3.12-diol.11.ona : (3B,5a.12B.25R)-3,12-di(aeetoxy)spirostan- 
1 1-one (purchased from Steraloids, Inc., or see preparation G13) was saponified with 
potasshjin carbonate in water, mettianol and THF to provide the titie compound. 

10 f9B.&>.1 1g.12B.2BR^spiro«tan^.1 1 .Ig^rtolr (36.Sa.126^R)8piro8tan^.12.dlol.11-one 
was converted into the titie compound via reduction with lithium and ammonia 
according to the procedure described in J. Am. Chem. Soc. 1953, 75, 1282. 

Preparation G7 

15 raB.6g.12g.2Bm8Plrostan-3.12.diol 

f3B.5g.12g.25Rtepiro8tan.3.12.diol: Ustno the procedure described In J. Am. Chem. 
SfiSu Zfi. 4013. (3B,6e,25R)^irestarv3«l-12-one was raduced wKh nhlum 
atuminun hydride h ether to give a mixture of C*12 alcohols from which the tW 
20 compound was isolatsd. 

Preparation G8 
f3B.6g.26RV8Piro8tan^|.1 1 .12.dione 

25 (3B.5g.1 2B.25RV3-ft-butvidlmqthvisnvloxyteplrostan-1 2-ol-1 1 -one : Using the procedure 
deBeribedln J.Am. Chem. Soc.. 1972.Si. 5190, (3B,5a.12B,2SR)-8pirostan-3,12-diol-11- 
one (see preparation G6) was sBylated with t-butyldimethylehiorosiiane and imidazole 
in OMF to tfve the title compound. 

30 f3B.&fi»flV3^4)utvidimethvlslivloxvtepirostan.11.12.dlone : Using the procedure 
described in Ota. Svn.. 1976. Sfi, 84. (3B,6a,12B,25R)-3-(t-butyldimethylsilyloxy)- 
spirostan-1 2*oM 1 -one was oxidized with chromium trioxide and pyridine in methylene 
chloride to give the titie compound. 
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f3B.Sg.25RV.s pirostan-3-o |.1 1 . 1 2.di na : Using the pr c dur described in J. Am. Chem. 
S2S» 1972. 94. 6190, (3B,5a,25R)-3-(t-butyldimethylsilyioxy)spirostan-11.12-dione was 
5 desilyiated with hydrofluoric acid in acetonitrile to give the title compound. 

Preparation G9 
r3B.Sg. 1 1 fl.26m-8oire8tan-3. 1 1 -diol-1 2-one 

10 raB.5g.1 1 B.12B.25m.3.ft.butvld imethvisilvloxv^spirostan-1 1 . 12.dlol : (3B,5a,126,25R)-3- 
(t-butytdimethyl8ilyloxy)spirostan-1 2-01-11 -one (see procedure G8) was converted into 
the title compound via reduction with lithium aluminum hydride in HHF at room 
temperature according to the procedure described in J. Am. Chem. Soc. 1951. ^ 
1777. 

IS 

f3B.5g.11B.12B.25R)-3-rt-butvldimethvls»vloxvM2-acetoxvspirostan-11.ot : 
(3B.5o,11B,12B.25R)-3-(t-butyldim6thylsilyioxy)spirostan-11,12-diol was selectively 
acetytated with acetic anhydride, pyridine and dimethylaminopyridine in methylen 
chloride to give the title compound. 

20 

OB.Sg. 1 1 B ■ 1 2B.25R>-3-rt-butvldimethvlsilvioxvM 1 -rtrlmethvlsilvloxvM 2- 
acetoxvsDirostane : (3B.5a.1 1B.12B.26R)-3-(t-butyldimethylsilyloxy)-12- 
acetoxy8pirostan-11-oi was silylated with trimethylsilyttriflate and 2.6-lutldine in 
methylene chloride according to the procedure described in Tetrahedron Letters. 1981 , 
25 ^. 3465. 

f3B.6g.11B.12B.25R^-3-ft.butvldimethvlsilvloxvV11-ftrimethvlsllvloxv^spirostan-12-ol : 
(38,5a,1 1B,12B.25R)-3-9-butyl(fimemylsilyloxyH 1-(trviiethyl^^ 
was deaeetylated by treatment with iittdum aluminum hydride in THF followed by 
30 eaUous addition aqueous ammonium chloride. The resulting title compound suffered 
11 to 12 silyl group migration on eiliea gel, and thus had to used unpurifled. 
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r3a.5flr,11B.25R)-3>ft»butvldlmQthvlsilvloxv)-11>ftrimethvlsllvloxv)sDi^^ stan-12-one : 
(38,5aJ 1B,12B,25R)-3-{t.butyldimethylsllyloxy).1 1-(triniethylsllyloxy)spirostan-12-ol 
5 was oxidized with chromium trioxide and pyridine in methylene chloride according to 
the procedure described in Org, Svn„ 1976, 84 to give the title compound. 

(3B.Sg,1 1B.25m-spirostan>3.1 lKflol-12-one : The title compound was synthesized from 
(3B,So.1 1 8,25R)-3-(t-butyidimethylsilyloxy)-1 1 -(trimethylsilyloxy)8pirostan-1 2-one was 
10 desilyfated with hydrofluoric add in acetonitrile acconding to the procedure described 
in J. Am. Chem. Soc , 1972, 94, 6190. The titie compound must be carefully handled 
because it will rearrange to (3B,Sa,12B,25R)-spirostan-3,12-diol-11-one if exposed to 
base. 

Preparation G10 

15 t3B.5ir.1 1g.2SRtepirostan-3,1 1-diol-12-one 

f3B.5g.11g.12B.25m3.11-ditecetoxv^SD!rostan-12-ol : (3B,5a,l 1a.12B,25R)-8pirostan- 
3,1 1 ,12-trioi (see preparation G6) was acetylated according to the procedure described 
in J. Am. Chem. Soc. . 1955, ZL 1632 to give a mixture of acetates from which the title 
20 compound could be isolated. 

f3B.5g.1 1if.2SR^3.1 1-difacetoxv^SDlrostan-1 2-one : (3B.5a, 1 1 a, 1 2B ,25R)3,1 1 - 
di(acetoxy)spirostan-12-ol was oxidized with chromium trioxide and pyridine in 
methylene chloride according to the procedure described in Om. Svn.. 1976, 55, 84 1 
25 give the title compound. 

(9ff,^.11g.25R)TOlros^an-3i11-<^teM2-opy (38,5a,11a^5R)-3,11-dl(acetoxy)spirostan. 
12-one was saponified with sodium methoxide in methaiK>l and THF to give the title 
compound. 

30 Preparation Gil 

f3p,5g,11g,12g,25R)spirostap-3,11,1g-tTio< 

(3B,Sa.25Rlspirostan-3-ol-12-tosvlhvdra2one: f3B.5a.25Rl-splrostan-3-ol-1 2-one(8.00g) 
was diss tved in glacial acetic acid (200 mL) and warmed to SO^C. Para- 
35 toluenesulfonylhydrazid (6.928 g) was added and the soluti n was stirred at 50®C for 
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30 min. After an additional 2 hours of stirring at r om temperature, water (200 mL) was 
added. Th resulting solid was collected, washed with water (100 mL), dried, triturated 
5 with refluxing acetone (300 mL), filtered hot and dried to give 3.903 g of the tMe 
compound. 

(3B,Sflr.26RteDirost-11-en-3-ol ; A mixture of (3B,5a,25R)spirostan*3-ol-1 2-tosylhydrazone 
(9.100 g) and sodium methoxide (8.379 g) in DMF (200 mL) was heated to 150^0 for 

10 35 minutes, then cooled to room temperature. The mixture was then poured into ic 
water (1200 mL) and the resulting suspension filtered. The collected solid was washed 
with water (100 mL), air-dried, and dissolved in methylene chloride (700 mL). This 
solution was washed with water (2 X 200 mL), dried with MgS04, and concentrated to 
give a white solid. Following flash chromatography, 2.384 g of the titie compound (mp 

15 179-181 ^C, Ut. 188-192«C • J. Am. Chem. Soc. 1954. 78, 4013) was isolated. _ 

f3B,&y.1 lg.1 2g.25fflspirostan-3,1 1 .12-triol : (3B,5a,25R)spiro8t-1 1 -en-Sol was oxidized 
to the tWe compound with osmium tetroxide and N-methyimorpholine-N-oxide in water, 
t-butanol and acetone according to the procedure describe in Tetrahedron Letters . 
20 1976, 1973. 

Preparation G12 
r3B.5flr.12B,25R^SDlrostan-3.1 2-dlol-1 l^ne 
(3B.Sa. 1 1 B.25RV1 1 -bromo8Dirostan-3-ol-1 2-one; A glass lined reactor was charged with 
50 gallons of methanol then subsurface sparged with hydrochloric acid gas until 7.7 Kg 
25 (5.0 eq) were charged. Upon completion of this sparge, the reactor was charged with 
18,8 Kg (42.2 mole) of (38,5a;2SR)spirostan-3-ol-1 2-one, 50 gallons of methanol and 
10 gallons of methylme chloride. This mixture was cooled to 10 and a solution of 
8.4 Kg bromine (52.7 mole, 1.25 eq) in 10 gallons of metiiylene chloride was added 
over 2 hours whHe a pot temperature of approximately lO^C was maintained. Onoe th 
30 addition was complete ti\e reaction was allowed to wamn to room temperature and was 
stirred for 2 hours. TLC at this point indicated complete reaction. 

The reaction was diluted wRh 50 gallons of water and stirred for 10 minutes. 
After separation of layers, the aqueous layer was extracted twice wftti 30 gallons of 
metiiyiene chlorid . The ttvee combined organic extracts were washed twice with 30 

35 
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gallons of water, nee with 30 gall ns f saturated brine, then dried using 7.0 Kg of 
magnesium sulfate. The drying agent was removed by filtration on a 30 Inch Lapp 
5 followed by two 3 gallon methylene chloride washes. The filtrate and washes combined 
were atmospherically distilled to a 7 gallon total volume. Two 10 gallon methanol 
charges were made followed by continued distillation. When a final volume of <10 
gallons had been reached the mixture was cooled to room temperature. The resulting 
suspension was granulated for 2 hours, filtered on a 30 Inch Lapp, and the filter cak 
10 was washed twice with 3 gallons of methanol. Vacuum drying the filter cake at 45-50^ 
C yielded 12.6 Kg (68.6% yield) of the title compound. 

r3B.5a.12B.25msDirostan-3.12<iloM1-one : A glass lined reactor was charged with 12.4 
Kg of (3B,5a,11B,25R)-11-l3romospirostan-3-ol-12«one (24.34 mole), 33 gallons of t- 

16 butanot, 33 gallons of water and 7.5 1^ (189 mole, 7.75 eq) of sodium hydroxide 
pellets. The reaction was heated to reflux over 1.6 hours, maintained at reflux for 4.5 
hours (pot temperature was 83® C), then cooled to room temperature. TLC at this 
point indicated complete reaction. 

The reaction was distilled to remove the t-butanol. This was accomplished both 

20 by vacuum and atmospheric distillation. During the concentnation two 32.5 gallon 
charges of water were added. Once the t-butanol had been removed, the aqueous 
suspension was cooled to room temperature and granulated for 2 hours. The 
suspension was filtered on a 30 inch Lapp, washed twice with 3 gallons of water, and 
the filter cake was air dried at 60 •C. This afforded 11.1 Kg of the title compound. 

26 

Preparation G13 
f3B.6ii.26rosDlrostan>3oM 1-one 

f3fl.Bg.12B.26RV^,12-dlacetoxv8Dlrostan-11-one: Aglasslinedreactorwaschargedwith 
30 26 galtons of pyridine, 26 gallons of acetic anhydride and 11.0 Kg of 
(3B,6a,12B,25R)spirostan-3,12-diol-1 1-one (preparafion Q12). This mixture was refluxed 
for 2 hours (pot temperature 128® C) and allowed to cool to room temperature. The 
reaction was vacuum distilled to a total volume of 15 gallons (pot temperature 
approximately 45® C during distillation). The suspensi n was diluted with 25 gallons 
35 f acetic add and further vacuum distilled to a 15 gallon total V lum (pot temperature 
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at end appr ximately SO'' C). Th mixtur was diluted with 87 gait ns of wot r and 
cooled to room temperature. After 5 hours of granulation, the titlcfd compound was 
5 isolated by filtration on a 30 inch Lapp followed by two 3 gallon water washes. The 
filter cake was dried at 60^ C under vacuum to yield 12.2 Kg (93.3%). 

(3B.5a.25RteDirostan-3-oH 1-one: A stainless steel reactor was cooled to -ao^ C by 
passing liquid nitrogen through internal coils. Ammonia was added to the reactor until 

10 54.5 Kg (80 liters, 3,200 mole. 170 eq) had been charged. 

At the same time that the ammonia charge was commencing, a glass lined 
reactor was charged with 10.0 Kg of (3B,5a,120.25R)-3,12<liacetoxyspirostan-11-one 
18.84 mole) and 40 gallons of THF. This solution was atmospherically distilled until a 
26 gallon total volume had been reached. 

15 At the completion of the ammonia charge, 2.8 Kg of calcium turnings (69.0 gram 

atoms, 3.7 eq) were added over 30 minutes while maintaining a pot temperature of -50 
C. At the completion of this addition the THF solution of (3B,5a,12B,25R)-3,12- 
diacetoxyspirostan-11«one was added over 20 minutes (pot temperature at the end of 
the addition was -35® C) followed by a 1 .0 gallon THF rinse. The reaction mixture was 

20 stirred for 30 minutes at - 35^C to -40'»C. Whfle the reaction was at -SS® C to -40'' C, 
3.33 liters of bromobenzene (4.98 Kg, 31 .7 mole, 1 .68 eq) were added followed by 3.33 
liters of water. 

After this addition, the disttllation of ammonia from the reactor was initiated. This 
distillation was directed to a water scrubber. Once all of the ammonia had been 

25 removed, the reaction (now at 24® C) was transfen-ed to a glass lined reactor followed 
by a 4 gallon THF rinse. The solution and rinse combined were vacuum distilled to a 
thick oil. To this was added 35 gallorts of methanol and 3.3 (59 mole) of potassium 
hydroxide peBets. This mixture was heated at reflux for 1 hour, cooled, then 10 liters 
of acetic add and 44 gallons of water were charged. This suspension was further 

30 cooled to room temperature and granulated for 1 hour. The titled compound was 
isolated by fBtration on a 30 inch Lapp followed by a 5 gallon 3:1 water/methanol wash. 
Vacuum drying at 55<» C yielded 7.05 Kg (86.9%). 
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Preoarati n G: Physical Data 
Satisfectory MS and IR data was obtained on all of the (38,5a,2SR)spirostan-3- 
ols described in preparation G (see table 1). The various diol and triol products could 
be distinguished by proton NMR (see table 2) 
Table 1: Dlaanostle Mass SDeetrometn/ and Infrared Data 
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1 • IR data sueoest that this compound readily tautomerizes enol ketone form in CHQ,. 



25 Table 2: Diagnostic Proton Nuctaar Maonatic Resonanca Data» 

aWIBWind OMka >2 nam 

1 10^ 3.90 (ddd. 6.6 &4 Hx, 1 H). 2.26 (dt, 13&4, 1 H) 

1ia^ 4.22(brs, 1H) 

12a^ 3.67 (s. 1 H). 2.37 (dd, 8 & 7 Hz. 1H) 

12B^ 3.26 (dd, 10 & 4 Hz. 1H) 

11a,12ff^ 3.91(m. 1H|. 3.56 (d. 3H. 1H), 2.45 (dd. 9 &7 Hz. 1H) 

11ff,12a-dlol 3.55(m. 1H). 3.03 (d. 8H. 1HI, 2.21 (dt.12 &4 Hz. 1H) 

110,120^ 4.12 (br t. 1H), 3.55 (d. 2 Hz, 1H). 2.36 (dd, 9 &7 Hz, 1H) 

11li,121Miol 4.07 (br s. 1H). 3.13 (d. 3 Hz. 1H) 

1 1 ff^l-1 2-one 3.72 (m. 1 H). 2.39 (dt, 1 3 & 4 Hz. 1 H) 

1 1 S-ol-1 2-one 3.96 (in, 1 H), 2.2 (m. 1 H) 

12ff^l-1 1-one 3.51 (s, 1H). 2.57 (dd. 8 & 7 Hz, 1H), 2.2 (romplex. 7H) 

12IM-1 1-one 3.78 (s. 1H). 2.39 (dt,13 &4 Hz. 1H), 2.1 (m, 2H) 
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• Alt samples run in COCI, except 11&-ol-12H>ne which was run in DMSO-de. Peaks for 
Hi0. H,, H,,^ and H^eo are also observed at >2 ppm. In CDCI,^ these are observed at 
4.37 (ddd, J » 9, 9 & 7 Hz, 1H), 3.56 (heptet. J - 4 Hz, 1H), 3.45 (ddd, J • 10, 6 & 
2 Hz, 1H), 3-35 (t, J « 11 Hz, 1H>. 

Preparation HI 
f5g,25RVsplrostarV'3-one 
Pyridiniunn chlorochromate (PCC) was added to a mixture of tigogenin (50.00 
g. 120.0 nvnol), celfte (160 g), in CH^Ci, (1000 mL) at 0^ C. The reaction was 
allowed to come to ambient temperature and was stirred for 5 hours. The reaction 
was diluted with ICXX) 4 mL EtjO and was filtered through a silica gei plug. The plug 
was washed with an additional 6000 mL EtjO. The filtrate was concentrated jn 
vacuo to afford 45.00 g of the titie compound (90.4%). 

^HNMR (250 MHz. CDC\^) d 4.38 (q. J = 7Hz, 1H); 3.40 (m. 2H): 2.20-2.46 (m. 
3H); 0.70-2.14 (m. 36H); 1.02 (s, 3H); 0.96 (d, J = 7 Hz, 3H); 0.76 (s, 3H); 0,76 
(d, J = 7Hz, SH). MS: 416 (M + H)^; MP 209-21 1'^C. 

Preoaratlon H2 
f2iy.5g.25RV2*bromosDlro8tafv3-one 
A mbdure of (Sa^5R)^pirostan-3-one (1.00 g, 2.41 mmol) and tetrahydrofuran 
(10 mL) was cooled to •78^C under nitrogen atmosphere. Bromine was added (0.39 
g, 2.41 mmol) and the reaction mbdure was gradually warmed to room temperature. 
After three hours, the reaction was quenched by the addition of saturated sodium 
bisulfite solution. The mbdure was diluted with ethyl acetate, washed wtth saturated 
2S sodium bisulfite solution (1x), saturated sodium bicarbonate (1x), brirm (1x), dried 
(sodium sulfate), filtered, and concentrated in vacuo . Upon addition of ettier, a 
prsdpitate fomied which was filtered and washed with hexaneu to give 1^0 g, 
(88%) of the titie compound. 

'HNMR (250 MHz, COa,) d 4.75 (q, J » 7Hz, 1H); 4.40 (q, J = 7Hz, 1H); 3.40 
30 (m, 2H); 2.64 (q, J = 6, 1H); 2.40 (m. 2H); OJO-2.55 (m. 34H): 1.10 (s, 3H); 

0.96 (d, J a 7Hz, 3H): 0.80 (s, 3H); 0.80 (d, J » 7, 3H). MS 493 (M + H)^. 
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Preparation H3 
f?g,^5R)-spirDst>1-er^3-one 
5 A mixture of Itthium bromide (0.700 g, 8.06 mmoi), fithium carbonate (1 .20 g, 
16.24 mmol) and anhydrous N,N-dimethylformamide (30 mL) were heated under 
nitrogen atmosphere to 95®C. To this mixture, (2a.5a,2SR)-2-bromospirostan-3-one 
(4.00 g, 8.11 mmol) was added. The reaction mixture was stirred at 130«C for 3 
hours. After cooling to room temperature, the reaction mixture was diluted with ethyl 
10 acetate, washed with water (3x), brine (1x), dried (sodium sulfate), filtered and 
concentrated jQ vacuo to afford 3.31 g, (98%) of the title compound. 

'HNMR (250 MHz, CDO^) d 7.10 (d, J = 10Hz,. 1H); 5.85 (d, J = 10Hz, 1H), 
4.40 (q, J = 7Hz, 1H); 3.40 (m, 2H); 2.30 (m, 2H); 0.70-2.05 (m, 33H); 1.02 (s. 
3H); 0.96 (d, J « 7Hz. 3H): 0.80 (s. 3H); 0J8 (d, J » 7Hz, 3H). MS 413 (M + 
15 H)\ 

Preparation H4 
f1g.2g,Sir.25RW1 ■2-epoxv-splro8tan-3K)ne 
A mixture of (5a,25R)-spirost-1-en-3-one (2.87 g, 6.96 mmol), tetrahydroftiran 
(30 mL), methanol (50 ml^ and 15% sodium hydroxide (1 mL) was stinred under 
20 nitrogen atmosphere. The mbdure was cooled to O^C and 30% hydrogen peroxide 
(5 mL) was added. The reaction mixture was gradually warmed to room temperatur 
and stirred for 4 hours. The reaction was diluted with ethyl acetate, cooled to 0^, 
and then qumched with saturated sodium bisulfite solution. The mixture was 
washed with saturated sodium bisulfite (2x), brine (1x), dried (sodium sulfate), 
25 filtered and concentrated la vacuo to give 2.64 g, (88%) of the title compound. 

^HNMR (250 MHz, COQ,) d 4.40 (q, J « 7Hz, 1H); 3.40 (m, 3H); 3.24 (d, J » 
6Hz. 1H); 2.26 (dd. J « 18, 4 Hz, 1H); 0.70-2.28 (m, 34H); 0.98 (d, J » 7Hz, 
3H); 0.92 (s, 3H): 0.80 (s, 3H): 0.78 (d, J - 7Hz, 3H). MS 429 (M + H)^. 

30 Preparation H5 

Uthium aluminum hydride (0.43 g, 15.38 mmol) was added to a solution of 
(1a,20,5a,25R)*1,2-«poxy^pirostar>-3-one in THF (20 mL) at O^C. The reaction was 
gradually warmed t room temperatur and after 3 hours, additional lithium 
35 aluminum hydrid (0.10 g, 3.58 mmol) was added. Aft r 1 hour, the reaction was 
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cooled to (yC and quenched by th sequential addition f Hfi (0.75 mL), 15% 
NaOH (0.75 mL). and H^O (1.50 mL). The mixture was dried \Arith MgSO^, filt red. 
5 and concentrated in vacuo . The product was purified by flash chromatography 
(50% EtOAc/50% hexane to 95% EtOAQ/5%MeOH) to afford 0.460 g. (34%) of the 
title compound. 

^HNMR (250 MHz, CDCy d 4.48 (q, J = 7H2, 1H); 4.04 (m, 1H); 3.80 (m, 1H); 
3.40 (m. 2H); 0.75-2.05 (m. 37H); 0.96 (d. J » 6Hz, 3H); 0.84 (s, 3H); 0.78 (d, J 
10 » 6Hz, 3H); 0,76 (s. 3H). MS 433 (M + H)*. 

Preoaration II 

f3B.5a.25R^-3-ffheDtaacetvl-B-D-cellobiosv»oxv1sDirostan-1-one 
Pyridinium chlorochromate (0.123, 0.57 mmol) was added to a mixture of 
15 (1 a,3B,5a,25R)-3-[(heptaacetyl-8-D-celioblosyl)oxy]-1 -hydroxyspirostane 

(0.2 g, 0.19 mmol, see preparation B39), celite (0.2 g), in CH^CI, (5 mL) at O^C. Th 
reaction was allowed to come to ambient temp^Bture and was stirred for 2 hours. 
The reaction was diluted with 15 mL BjO and was filtered through a silica gel plug. 
The plug was washed with an additional 500 mL EtjO. The fittrate was concentrated . 
20 in vacuo to afford 0.18 g of the titie compound (90%). 

^HNMR (250 MHz. CDQa) d 5.15 (m. 3H); 4.90 (m, 2H); 4.50 (m. 2H); 4.35 (m, 
2H); 4.05 (m, 2H); 3.65 (m, 3H); 3.40 (m. 2H): 2.35 (t. J = 12.5 Hz. 1H); 2.60 
(q, J = 6 Hz, 1H): 1.95-2.20 (m, 21H): 0.70-1.90 (m. 37H); 1.15 (s, 3H); 0.95 (d, 
J » 7 Hz, 3H): 0.80 (d. J a 6 Hz, 31^; 0.76 (s, 3H). MS: 1049 (M + H)^. 

25 

Preparation J1 
f3B.25R>-3-ethoxvmethoxv-S-SDirostene 
A mixbra of dlosgenin (2.5 g, 6.0 mmol), ehloromethyl ethyl ettier (1.14 g, 
12.0 mmd), diisopropylettiylamine (3.90 g, 30.0 mmol) and 1,2-dichloroethane (75 
30 ml) was stirred undernitrogen atmosphere at ambient temperature for 4 hours. 
Methanol (<1 mL) was added to quench the reaction . The mixture was diluted witii 
ethyl acetate and washed witii water (2x), brine (1x), dried over sodium sulfate, 
filtered and conoentrated in vacuo to give 2.17 g ( 76.5%) of the titie compound as 
a colorless solid. 



35 
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NMR (250 MHz, CDCI,) d S.3S (d. 2H, J=7.0 Hz); 4.75 (s, 2H); 4.4 (m, 
1H);3.6 (q, 2H, J=7.0 Hz); 3.4 (m, 2H); 3.35 (t. 1H. J=11 Hz); 2.4^.7 (m. 38H); 
5 1.2 (s, 3H); 0.95 (d, 3H, J«7 Hz); 0.8 (d, 3H. J«7 Hz); 0.76 (s, 3H). MS: 777 

(M+Na)*;mp 125-127*a 

Preparation J2 
faB.Sg.6g.2Sm-3^oxv methoxv-6-hvdroxvspirostafta 
Borane-tetrahydrofurancomplex (0.68 mU 0.68 mmol) was added to a solution 

10 of (3B,25R)-3-ethQxymethoxy-5-8pirostene (0.10 g, 0.21 mmol) In tetrahydrofuran (8 
mL). The mixture was stin-ed under nitrogen atmosphere at ambient temperature for 
3.5 hours. The reaction mixture was cooled to O^C and methanol (1.5 mL), 15% 
sodium hydroxide solution (1 .5 mL) and 30% hydrogen peroxide (1 .5 mL) were 
added. The reaction mixture was then gradually warmed to ambient temperature and 

15 stirred overnight The reaction was quenched at 0»C by the addition of saturated 
sodium bisulfite solution. The mixture was diluted with ethyl acetate and washed with 
ammonium chloride solution (1x), brine (1x)» dried (sodium sulfate), fUtered and 
concentrated Iq vacuo to give 0.1 1 g of a mixture of the 6a-alcohol and the 68- 
alcohol. The two products were separated by flash chromatography on silica gel 

20 (6:4 hexane/ethyi acetate). The major product ( Rf sO.40) was identified to be the titi 
compound. 

^H NMR (250 MHz; CDQ,) d 4.7 (s. 2H); 4.4 (m. 1H); 3.6 (q, 2H, J=11.0 
Hz);3.45 (m, 3H); 3.35 (t, 1H, J=11.0 Hz); 2.3^.6 (m, 41H); 1.8 (d. 3H, J=7.0 
Hz);0.82 (s. 3H), 0.78 (d, 3H, J=7.0 Hz); 0.75 ( s. 3H). MS: 491 (M+H)*; mp 
25 171 •C. 

Preparation J3 
f3B.Sg.2SR>^3-ethoxvmethoxv^Dlrostan^ne 
PyrMnium cNorochromate (1.98 g, 9.20 mmol) was added to a mixture of 
30 (3B,5a,6at25R)-3^oxy methoxy^ydroxyspirostane (0.90 g, 1 .8 mmol) and cellte 
(8.0 g) in anhydrous dichloromethane at 0«C. The reaction mixture was gradually 
warmed to ambient temperature over 1 hour and allowed to stir for an additional 5 
hours. The reaction mixture was then filtered through a plug of silica gel using ether 
as the eluent. Th combined ether fractions were concentrated in vacuo to afford 
35 0.80 g (91%) f the title compound as a colorless s lid. 
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'H NMR (250 MHz; CDQa) d 4.75 (m. 2H); 4.4 (m. 1H); 3.6 (q, 2H. J=7.0 Hz); 
3.46 (m. 2H): 3.35 (t, 1H, J=11.0 Hz); 2.4-0.6 (m, 40H); 0.9 (d, 3H. J=7.0 Hz); 
5 0.8 (d, 3H. J=7.0 Hz); 0.78 (s, 6H). MS: 489.0 (M+H)*; mp 191-193»C. 

Preparation J4 
f3IB.Scr.25ffl-spirostan-6-one 
Concentrated hydrochloric add (2 drops) was added to a solution of 
10 (36.5a.25R)-3-ethoxymethoxy-spirostan-6-one (0.70 g, 1.43 mmol) in methanol (10 
mL) and tetrahydrofuran (10 ml^. The mixture was stirred under nitrogen 
atmosphere and heated to 62^C. After 15 minutes, the reaction was cooled to 0*C 
and neutralized with 15% sodium hydroxide solution. The mixture was concentrated 
jn vacuo then diluted with ethyl acetate. The organic layer was washed with water 
15 (2x), brine (1x), dried (sodium sulfate), concentrated jn vacuo and purified by flash 
chromatography (1:1 hexane/ethyl acetate) to afford 0.65 g (89.4%) of the title 
compound as a eoloriess solid. 

*H NMR (260 MHz; CDCy d 4.4 (m. IH); 3.45 (m. 2H); 3.36 (t. 1H,J»11.0 
Hz);2.36-0.6 (m, 38H); 0.95 (d, 3H, J=7.0 Hz); 0.76 (d, 3H, J»7.0); 0.71 (s, 6H). 
20 MS: 431 (M-l-H)^ ; mp 210-212"C. 

Preoaration K1 

f3B.6g.6g.26RW3.r(haDtaaeatvi-B4>eelloblosvltexv1 S-hvdroxvspirostane 
Socflum borehyditd* (0.11 g, 2.86 mmol) was added to a solution of 

25 (3B,6a.25R)-d-{0Mplaae«tyl4S-D<ellobiosyl)oxy] spirostan-6-one (1 .5 g, 1 .43 mmol, 
see preparation B41) in ethanoi (20 mLj and dichioromethane (5 mL) and the 
mbdura was sdnrecl under nitrogen atmosphere at room temperature for 4 hours. The 
reaction mixlim was then cooled to 0"C and was neuiralzed with IN hydrochloric 
add. The mixture was partiafly concentrated ]q vacuo and then was diluted with ethyi 

90 ao«iat», washed wRh IN hydroehlorie add (1x), brine (1x). dried (sodium sulfate), 
filtared and conoentrated iQjaoja to afford 1.00 g (66%) of the ttle compound as a 
eoloriess soOd. 

NMR (250 MHz; COO,) d 5.2-4.4 (m, 14H): 4.3 (m. IH); 3.75-3.35 
(m. 3H); 3.3 (t, IH. J^ILO Hz); 2.1&0.6 (m. 59H); 0.95 (s. 3H); 0.90 (d. 3H. 
35 Js7.0 Hz): 0.75 (s. 3H); 0.70 (d, 3H. J07.O Hz). MS: 1051 {^+H)* 
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It should be understood that the invention is not limited to the particular 
mbodiments shown and described herein, but that various changes and 
5 modifications may be made without departing from the spirit and scope of this novel 
concept as defined by the following claims. 



10 



15 



20 



25 



90 



35 
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Claims 

5 1 . A spirostanyl glycoside of Formula lA 



10 




H 



H 

Fonnula lA 

15 

wherein either (A): 

H OH OH H 
Q' is carbonyl. -C- or -C- ; 



20 H OH OH H 

%/ %/ 
Is carbonyl, methylene, ~C- or "C- ; 

H OR* "^Si" R*0-«Ikyl«r»«<Cg-C3>-0^ H 
Cp|8 5> I -C- I 

25 

or 

R^O-elkylene<C2'-C3>-0 H 

V. 



and are both methylena; 

30 

and wherein 
R'is 

B*D-glucopyrano8yl, 

B-D-glucopyranuronosyl, 

B-C>*2<«C6tainido-2-deoxy-glucopyrano$yl, 

35 

B-D-galadopyran syl, 
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B-C>4iioopyranosyt, 
B-L-fiicopyranosyl, 
5 B-D-xylopyranosyl, 
B-L-xyiopyranosyl, 
a-D-«rabanopyranosyl, 
o-L-arabanopyranosyi, 
o-Ocellobiosyl, 
B-Oeellobiosyl, 

6-D-iactosyl, 

B-D-malt08yi» 

B-CVgentiobio8yl, 

30-6-D-galactopyranosyl-a-D-arabanopyranosyi or 
(}-&mattolriosyl; 

or (B): 

Q\ Q* and am an methylene; 

_^ H OH OH H 

Q* it -C- or -C- ; 

M R^0-«lkyit««CC8-C3>-0 « 

25 

or 

R>0-«lkyUnt<C»-C3>-0 H 

-c- • 

t 

30 and wherein 
R'it 

B-D-gtucopyranosyt, 
B-D-ghioopyranuronosyl, 
B-D-2*acetamido-2-<leoxy*glucopyrano8yl, 
^ B-D>fucopyran syl, 
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B-L-fucopyran syl, 

B-D-xyiopyranosyt, 

5 B-L-xyiopyranosyl, 

ff-D-arabanopyranosyl, 
a-L*arabanopyranosyl, 
B-D-cellobiosyl, 

B-CMadosyl, 

frOmaitosyl, 

B-O-gentiobiosyl, 

3-0-B*D-galaciopyranosy^^D-arabanopyranosyi or 
B-D-maKotriosyl; 

or{C): 



15 



Q\ and Q" are all methylene; 
CP Is carbonyl; 



20 



or 



„ C„ Is (R); 
25 

• and wherein 



30 



35 



R^is 

B-D-ghJcopyranuronosyl, 

&0-2-Metamido-2-deoxy-glueopyFBnosyl, 

B-O-fuoopyranpsyi, 

B-L-fucopyranoeyl, 

B-D-xylopyranosyl, 

B-L-xylopyranosyl, 

ff-O-arabanopyranosyi, 
o-L-araban pyranosyl, 

B-D-ceBobl syl. 
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S-O-iactosyt, 
8-0-mait syl, 
5 B-D^entiobiosyl, 

3-0-6-0-galactopyranosyl-a-0«rabanopyranosyl or 
B-O-maJtotriosyt; 

or(0): 

Q\ Q*. Q* and are each methylene; 

10 

and Q»l8 -C- » -C- t 



or 

15 R^O-alkyl«n«<C>-C3)-0 H 



and wherein 
R^is 

20 B-C>2-ao0tamiclo-2-deoxy-giucopyranosyi, 

B-0-1ucopyranosyl, 

B-D-xylopyrenosyl. 

B-L-xyiopyranosyl, 

o-L-arabanopyranosyl, 
2g B-D-celloblosyl, 

B-D^entiobio8yl» 

30-6-0-galactopyrano8yi-tf-D*arebanopyrano^ or 
B-maltoMosyl; 

or(E): 

^ Q\ tfi and are each methylene; 

V. 



Q* is carbonyt or 



35 
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^ V V 

Q»ta -c- or -c- : 



C, is alpha; 

is (R); and wherein 
Is 

B-D-gaiactopyranosyi. 
10 B-0<ellobiosyl, 
B-O-laetosyl, 
B-D-mattosyl or 
B-D-maltotriosyl; 

or(F): 

15 Q\ Q', and are each methylene; 

V 

Q' is carbonyl or ; 



20 



H OR* RlQ H 

^ V V 

Q» is -C- or -c- ; 



C, is alpha: 

i* ond wherein 
R'ls 

25 B-D-galaetopyranotyl, 
B- D e elo b l osyl, 
B-Dteelotyl. 
8-04naitotyl or 
M>4naRotriotyl; 

ao with 1h* praviio that (3B,5a,25R)^[94>«ellobiosyOoxy]8pirostane 
is not included. 



35 
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MO H H OH 

V V 

2. A compound according to daim 1 wherein is earbonyl, "C- or , 

H OR*^ 

Q', Q* and Q" are each methylene, Q* is <^ ^ , the C, hydrogen is alpha and C,, 

is(R). 

3. A compound according to daim 2 whorein is earbonyl and is 6*D- 
cellobiosyl. 

4. A compound according to claim 2 wherein is earbonyl and is B-D- 
galactopyranosyl. 

5. A compound according to daim 2 wherein is earbonyl and R^ is cr-O- 
ceiiobiosyl. 

6. ' A compound according to daim 2 wherein is earbonyl and R^ Is M> 
giucopyranosyl. 

7. A compound according to claim 2 wherein is earbonyl and R* is B-D- 
laetosyl. 

8. A compound according to daim 2 wherein is earbonyl and R1 is B-D- 
maltosyl. 

9. A compound according to daim 2 wherein is earbonyl and R1 is B-D- 
maltotriosyl. 

H OH 

V 

10. A compound according to daim 2 wherein is *c* and R^ is B-0- 



ceHoblosyl. 



1^ ifi -1> 



11. A compound according to daim 2 wherein is andR^lsB-D> 
eeilobiosyl. 

12. A compound according to daim 1 wherdn Q\ and are each methylene, 

H OH HO H H OR^ 

%/ V 

Cris-C- or "C- ,Q*ls "C- , the Cg hydrogen is alpha and C^g is (R). 



35 
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H OH 

13. A compound according to claim 12 wherein is and is B*0- 

6 



cellobiosyl. 



H OH HO H 

V y 

•C- or -C- . 



14. A compound according to claim 1 wherein Is carbonyl, *C* or 

in H OH HO H H OR^ 

V %/ 

is carbonyl, or 'C- ^ q3 jg -c- , and are each methylene, Cjs 

is (R), and the hydrogen is alpha. 

15. A compound according to daim 14 wherein is carbonyl, is cart>onyi and 
^5 R^ is B-D-cettobiosyl. 

H OH 

16. A compound according to daim 14 wherein is carbonyl, is and R^ 
is B-Oceliobiosyl. 

^ H OH 

17. A compound according to daim 14 wherein is carbonyl, is "C" and R^ 



H OH 



is B-D-lactosyl. 

18. A compound according to daim 14 wherein is ''C* , is cart)onyl and R^ 
is B-IMIobiosyi. 

19. A compound according to daim 14 wherein is *c* , is cart>onyl and 



30 HO^y" 

UwhereinQ^is -c- ,Q» 



R' is B-D^iobiosyl. 

35 
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20. A eomp und according t daim 1 wherein Q\ and Q" are ach methylene, 
H OR' 

5 V 

is carbonyl. is "C- , the C, hydrogen is alpha and C„ is (R). 



21 . A compound according to daim 20 wherein R' is B<{>4aetosyl. 

22. A compound according to daim 20 wherein R^ is B-D-cellobiosyl. 

23. A compound according to daim 1 wherein and Q', Q* and Q" are each 

H OR* 

methylene, Q* is "C- andC„is(R). 

16 

24. A compound according to daim 23 wherdn the hydrogen is beta and R* is 
B-I>cellobiosyl. 

25. A compound according to daim 23 wherein the C, hydrogen is alpha and R' is 
2° B4>gentiobiosyl. 

26. A compound according to daim 1 wherein Q\ and are each 

H OR* 

methylene. Q*te . Q* is carbonyl. the hydrogen is alpha and is (R). 

25 

27. A compound according to daim 26 wherein R^ is B-OceHobiosyl. 

28. A compound aeeordlng to daim 1 wherdn Q\ and Q* are each 

30 %/ 

methylene. a*ie -c- . Is carbonyl, the C, hydrogen is alpha and Is (R)- 



35 



29. A eompound according to daim 28 wherein is B-{><ellobiosyt. 
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30. A method f r e ntroUing hypsrehoiesterolemia or ath rosderosis in a mammal 
comprising administering to a mammal suffering from hypercholesterolemia or 
atherosclerosis a hypercholesterolemia or atherosclerosis controlling amount of a 
Fonnuia I spirostanyl glycoside 



10 



15 




Formula I 



20 



either (A): 

H OH OH H 

Q' is earibonyl, methylene, -C- or -C- ; 



H OH OH H 

25 , % / %/ 

Or is caibonyl, methylene, or *C- ; 



30 



H OR* R*0-*lkylene<C2-C3>-0^ H 



or 



35 



R^O-«lkylent(C,-Ca>-0 H 

V 
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and are both methylene; 
and wherein 

5 

is 

B-O-giueopyranosyl, 

B*D^lueopyranurono8yl, 

B-D-2-ajcetamido-2-deoxy-glucopyrano8yl, 

B-D^alaetopyranosyl, 

B-O-fucopyranosyl, 

B-L4ucopyrano8yl, 

15 B-D-xyiopyranosyi, 

8-L-xylopyranosyi, 

tf-D«rabanopyrano8yl. 
a-L-arabanopyranosyl, 
20 chD-ceilobiMyl, 
B-D-cellobiosyl, 

B-Dladoeyl, 

B-D-maRosyl, 

26 B-I>gentiobi08yl, 

3-0-6-D-galactopyranosyl-cr-I>arabanopyrano8yl or 

B-D4naltotrioeyl; 

or(B): 

30 

Q\ CP, and Q" are each methylene; 

H OR* R^O H 

^ V V 

CP Is -c- or -c- ; 

35 
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HO 




20 



25 



is carbonyi or 

Cs is alpha; 
C»is(R); 
whsrdn 
Is 

B-D-gaiaetopyranosyi, 
B-D^llobiosyl, 
B-D-lactosyl, 
B-D-maitosyl or 
B-D-mattotriosyi; 



Q\ 0^ and are each methylene; 
H OR* R^o H 



OF is oarbonyl or ~C 

Csisaipha; 
C»ls(R): 
wherein; 
R'b 

B«0-galaetopyran syl, 



or(C): 
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B-O«80obiosyl, 



B^actosyi, 



5 



B-D^altosyi or 
frOmattoMosyl; 
wNh Ihe proviso that 

(3B,5a,25R)^((a04«llobiosyi)oxy]spbostane. 
^6a.25R)^[(B4)-giueopyrBnosyl)oxy]spiro8taiw. 
(3B,Sa^f^^3-((B4>-eeilobiosyl)oxy]spirostane or 
(3B,6a,26R)-3-I(B-D-galactopyrano8yl)oxy]spirostan-12-one are not induded. 

15 

31. Thointlhodaeoordirigtodaim30wher«inQ\Q',Q*andQ*ar»eaeh 



iMlhytono, C,B is (R) vid Q* is 
20 

32. Tho method according to dedm 31 vwherdn tite Cg tiydrogen is beta and R' is 
B4><ellobiosyL 

33. The method aceorAig to daim 31 wherein the C, hydrogen is dpha and R' is 

25 

' M>-ghieopyraiMiionosyl. 

34. The method accorcHng to daim 31 wherein the C, hydrogen is dpha and R' Is 
B4>4ndlotyl. 

3Q The method according to daim 31 wherein the C, hydrogen is alpha and R* is 
BO-ladosyi. 

36. The method according to daim 31 wherdn the C, hydrogen is dpha and R* Is 
e-O-gentiobiosyi. 



H OR* 




-77. 



37. The method according to claim 31 wherein the hydrogen is alpha and is 
S-D-galactopyranosyl. 

5 

H OH OH H 
%/ %/ 

38. The method according to daim 30 wherein is carbonyi, or *C«- , 

H OR^ 

10 

Q*, and are each methylene, Q* is -C- , is (R) and the hydrogen is 



alpha. 

^5 39. The method according to daim 38 wherein QMs carbonyl and RMs B-D- 
cdlobiosyt. 

40. The method according to daim 38 wherein is carbonyl and R^ is B-t)- 
gaiactopyranosyi. 

20 41. The method accordng to daim 38 wherein is carbonyl and R^ is o-D- 
cdiobiosyi. 

42. The method according to dakn 38 wherein is carbonyl and R^ is B-D- 
glucopyranosyl. 

25 

43. The method according to daim 38 wherein is carbonyl and R^ is B-D- 
maHoeyl. 

44. The method according to daim 38 wherein is carbonyl and R^ Is B-D- 
maltotriosyl. 

30 

46. The method aecordng to daim 38 wherein is carbonyl and R^ Is B-D- 
lactosyl. 



35 
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H OH 

46. The method according t claim 38 wherein QMs and is 

5 

eellobiosyi. 

HO H 

V 

47. The method according to daim 38 wherein is and is fi-D- 

10 

eellobiosyi. 

48. The method according to daim 30 wherein Q\ and are each methylene, 



ie H OH HO H H OR^ 

, V V ^ V 

tf Iscarbonyl. -C- or -c- ^q3|8 -c- 



is (R) and the 0^ hydrogen is 



alpha. 

20 49. The method according to daim 48 wherein is carbonyi and R^ is B-D- 
cdlobiosyl. 

50. The method according to daim 48 wherein is earlx>nyl and R^ is B*D- 
tactosyi. 

25 

H OH 

51. The method according to dabn 48 wherein is andR^isB-O 



30 

H OH 

52. The m^od according to daim 48 wherein is and R* is B-0- 



galaetopyranosyl. 

35 
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H OH HO H 
% / \/ 

S3. The matthod aeeording to daim 30 wherein is eaifoonyi. or , 



10 



15 



H OH HO H H OR* 

%/ %/ 

tflecarbonyl. -C- or -C-,Q»is-C- ,Q*arwJQ« 



are each methylene, C,, 



is (R), and the C, hydrogen is alpha. 

54. The method according to daim 53 wherein Q' Is eartwnyi, Q' is earttonyl and 
R' is B-CVeeUobiosyi. 

H OH 

55. The method according to daim 53 wherein Q' Is eart>onyl, Q' is wA R* 



Is BO^oMosyl. 

20 H OH 

56. The method according to daim 53 wherein Q* is cartMnyl, 0* Is andR^ 



isBMetesyl. 

26 H OH 

57. The method according to daim 63 wherein is , Q* is carbonyl and R^ 



is B««ailobio«yi. 

30 HO H 

V 

68. The method according to daim 53 wherdn is a , q> ^ eaii)onyl and 
R' Is B4>-cdlobiosyi. 

35 
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SO. The meth d according to daim 30 wherein Q\ and Q' are each 

5 %/ 

methylene. Q'is -c- . Q* is eaifoonyl, the C, hydrogen is alpha and C,, is (R). 



60. The method according to daim 69 wherein R' is B-O-ceHoliiosyl. 

61. The method according to daim 30 wherein Q\ and Q* are each 



10 



H 0R»- 



methylene, Q* is -C- , Q* is carbonyl, the C, hydrogen is alpha and C„ is (R). 

^5 62. The method according to daim 61 wherein R' is S-[>cellobiosyi. 

63. The pharmaceutical composUon for the control of hyperchdesteroisnda or 
atherosclerosis in mammals which comprises a compound of dabn 1 and a 
pharmaceutioaily acceptable carrier. 

20 64. The composition comprising a hydrate of a compound according to daim 1. 



26 
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rn No pretutaoeompaaicd the payment of additional seardi feet. 
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4602005 


22-07-86 






AU-B- 


580005 


22-12-88 






AU-A- 


3097784 


24-10-85 






CA-A- 


1246544 


13-12-88 






JP-B- 


4056840 


09-09-92 






JP-A- 


60224697 


09-11-85 


EP-A-0403150 


19-12-90 


US-A- 


5010185 


23-04-91 






AU-B- 


619986 


06-02-92 






AU-A- 


5707990 


01-08-91 






CA-A- 


2018722 


13-12-90 






JP-A- 


3031297 


12-02-91 
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24-07-84 
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US-A- 


4602003 
4602005 
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